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Sincerely, 
GEO-TECHNOLOGY ASSOCIATES, INC. 
 
 
Kristen Daly 
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REVISED REFUSE DISPOSAL PERMIT PHASE II REPORT 
 

HAWKINS POINT LANDFILL 
BALTIMORE, MARYLAND 

JULY 28, 2022 
 

 

1.0 INTRODUCTION 

1.1 Overview and Purpose 

At the request of Hawkins Management LLC, Geo-Technology Associates, Inc. (GTA) has 

prepared this Phase II Report as part of an application for a refuse disposal permit for the existing 

Hawkins Point Landfill (HPL) at 3801 Fort Armistead Road in the Curtis Bay area of Baltimore, 

Maryland (the “Site”, Figure 1 – Site Location Map). The Site was a landfill previously used to 

support the operations of the now-closed Cristal USA, Inc. manufacturing plant.  The landfill 

previously accepted industrial waste and has remaining capacity to accept additional waste. The 

landfill recently began operating under the existing permit until a new permit is issued per a written 

agreement between the applicant and prior owner. 

 

 The Site is currently permitted through the Maryland Department of the Environment’s 

(MDE) Solid Waste Program (SWP) permit no. 2019-WIF-0527A issued to the prior owner, 

Hawkins Point LLC, and originally operated by Cristal USA, Inc.  The Site recently changed 

ownership and operation under the current permit has been transferred to the current owner, 

Hawkins Management LLC.  This report represents the permit application for Hawkins 

Management LLC to accept waste for the remaining capacity of the landfill. 

 

1.2 Limitations 

This report was prepared by GTA for Hawkins Management LLC, under the terms and 

conditions of GTA’s contract(s) with Hawkins Management LLC.  This report was prepared by 

GTA for the sole and exclusive use of Hawkins Management LLC.  GTA acknowledges that this 

document is being submitted to the MDE and will be part of the public record, and that MDE is 

expected to use this report as part of its review process.  However, use of this report by any third 

party is at their sole risk.  GTA is not responsible for any claims, damages, or liabilities associated 

with third-party use. 
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1.3 Statement of Professional Qualifications 

This report was prepared by GTA on behalf of Hawkins Management LLC.  As required 

by COMAR 26.04.07.07(B), this report was prepared by an individual who “shall possess at least 

a bachelor's degree from an accredited college or university in the field of geology or a related 

field of earth science”, Ms. Kristen Daly, and reviewed by a geotechnical engineer who “shall 

possess at least a bachelor's degree in civil or environmental engineering from an accredited 

college or university with the major course of study in geotechnical engineering or related earth 

sciences, and shall be registered in Maryland as a professional engineer”, Mr. Benjamin Myers, 

PE.  

 

1.4 Report Organization 

 This report represents a submission of the application for an industrial waste refuse disposal 

permit as outlined in MDE’s solid waste regulation COMAR 26.04.07.19, and describes the soils, 

geology, meteorology, and hydrology of the Site. The design of the landfill exceeds the 

requirements of COMAR 26.04.07.19 and has been sited and constructed under the more stringent 

regulation for a Subtitle D Landfill under 40 Code of Federal Regulations (CFR) 258.10-15 and 

COMAR 26.04.07.07.  Pursuant to the portion of Federal statute CFR Title 40 – Protection of the 

Environment, Part 258 – Solid Waste Disposal Facility Criteria, , this report addresses the siting 

of the industrial waste landfill.  A summary of the compliance of the HPL with MDE’s solid waste 

regulations is outlined in Sections 3.0 and 4.0.    

 

2.0 BACKGROUND 

2.1 Site Description 

The Site consists of approximately 30 acres located southeast of Fort Armistead Road in 

Baltimore, Maryland.  The majority of the Site is a landfill that occupies approximately 23 acres 

of the parcel, with an access road around the perimeter of the landfill and several small 

outbuildings including a main operations office in the northern portion of the property near an 

entrance gate.  A stormwater retention pond is located at the southwestern corner of the property 

between the landfill and the perimeter access road.  The property is accessed by a gated entry that 

extends south from Fort Armistead Road.  The Site is bounded to the northwest and southwest by 
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CSX railroad tracks followed by Fort Armistead Road and a 65-acre landfill owned by 

Constellation Energy, respectively; to the southeast by the Anne Arundel County-Baltimore City 

boundary followed by industrial land operated by the Maryland Port Authority; and, to the 

northeast by industrial land formerly part of the Cristal USA, Inc. facility followed by the Patapsco 

River. A Site Location Map for the subject property is presented as Figure 1.   

 

2.2 Site History and Operations 

The Site was historically associated with the adjacent Cristal USA, Inc. facility that 

comprised approximately 148 acres and included a chemical manufacturing facility that produced 

titanium oxide since approximately 1954.  Operations of the Cristal USA, Inc. manufacturing plant 

ceased in 2011.  The landfill was approved to accept waste from the manufacturing process that 

included gypsum-sulfate process waste, dredged material from the wastewater treatment lagoons 

associated with the manufacturing plant, brick and refractory brick, soil excavated from the plant 

property for construction/maintenance purposes, rubble, ore residues, sand, lime, and road asphalt.  

Third party waste was acceptable in the event that it fit into one of the permitted categories of non-

hazardous industrial waste and was properly characterized prior to acceptance.  When 

manufacturing operations ceased, the landfill was used to stage clay excavated from the 

neighboring 65-acre landfill which began in 2009.  The landfill was inactive between 2009 and 

2020 aside from the operations and maintenance, groundwater monitoring, and reporting required 

by the permit.  In 2020, during the current application process, the landfill began accepting third-

party waste with the approval of MDE.  

 

The landfill is estimated to have a capacity of approximately 3 million cubic yards (cy), of 

which approximately 2 million cy is estimated to still be available upon removal of the stockpiled 

clay.  The maximum height of the waste pile as currently permitted is 218 feet above mean sea 

level (amsl).  The landfill consists of Cells 1 and 2, both of which have been constructed.  As-built 

plans show that the cells were excavated to approximately 11 feet amsl in the northwest corner of 

the landfill and gently slope down to approximately 8 feet amsl in the southwest corner.  A bottom 

liner was constructed across the entire base of the landfill footprint consisting of a 12-inch-thick 

compacted clay layer that conforms to the required maximum hydraulic permeability of 1 x 10-7 
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centimeters per second (cm/sec).  A leachate collection system drains leachate and rainwater into 

a network of pipes and a sump. Leachate is currently pumped to a settling basin on the adjacent 

former Cristal USA, Inc. property that is scheduled to be abandoned.  Leachate is planned to be 

redirected to discharge to the Patapsco River by way of an easement on the adjacently southeastern 

property, through a treatment system if needed based on leachate sampling results and discharge 

requirements.   

 

Based on capacity and operations producing waste during the design of the landfill, the 

HPL was anticipated to have a disposal lifespan of approximately 9.4 years.  The closure of the 

former Tronox/Cristal USA facility and cessation of previous waste stream reduced the amount of 

fill being placed in the landfill for a period of time, and waste stream volume is currently variable.   

The most recent projection of remaining landfill capacity was submitted to MDE on March 1, 

2021, with the remaining capacity calculated to be 939,021 cy as of January 30, 2021.  The letter 

states that because the waste stream into the landfill is variable and inconsistent, a revised 

projection of lifetime in years is not able to be made at this time.   

 

The MDE received the Refuse Disposal Permit Application and Phase I Report for the Site 

on January 12, 2022 for a change in the permittee from Hawkins Point LLC to Hawkins 

Management LLC. MDE distributed the Permit Application and Phase I Report to interested 

agencies in accordance with COMAR 26.04.07.20B and requested any comments be 

submitted within 20 days. Following the agency comment period, a public comment period of 30 

days was held that included a public meeting on March 1, 2022.  

 

3.0 STATE OF MARYLAND STATUTE 

The design of the landfill exceeds the requirements of COMAR 26.04.07.19 and has been 

sited and constructed under the more stringent regulation for a Subtitle D Landfill under 40 CFR 

258 similar to a municipal solid waste landfill.  Pursuant to State of Maryland regulation, this 

report describes the soils, geology, meteorology, and hydrology of the location of the HPL.  The 

entire disposal footprint of the landfill has been constructed, covering approximately 23 acres of 
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the 30-acre site, and includes a bottom liner and leachate collection system. No expansion of the 

existing landfill cells is proposed at this time.   

 

3.1 Site Topography 

An up-to-date site-specific topographic map using a contour interval which is practical for 
that Site. The following items shall be shown on the map: (a) Surface waters and natural 
drainage features; (b) 100-year flood plain; (c) Property lines; (d) On-site buildings and 
structures;(e) Forested and other vegetated areas; and (f) The location of any buried or 
overhead power transmission lines, utility pipelines, or storage tanks on the property.  

 
The existing topographic site plan indicates that the landfill has been partially filled and the 
majority of the previously placed fill consists of clayey soils.  Topographically, the vicinity 
of the Site can be characterized as gently sloping to the east towards the Patapsco River, which 
is located approximately 2,000 feet to the east (Figure 4, Vicinity Topographic Map).  
Elevations on the Site range from 50 feet amsl around the perimeter of the property to 
approximately 140 feet amsl at the peak of the landfill mound.  The USGS Curtis Bay, MD 
1957 map does not show surface water features or wetland areas on the Site; however, the 
landfill had not yet been developed and the Site is shown as mostly flat and at approximate 
elevation of 50 feet amsl. A flyover topography survey from January 2021 depicts the current 
topography on the Site, including the existing sediment basin in the southwestern portion of 
the Site (Figure 5).  Based on the available topographic maps and site observations, no 
sinkholes, seeps, springs, recently active faults, or rocky outcrops were identified in or near 
the Site. According to FEMA, the Site is not in the bounds of the 100-year flood plain, as 
shown on the attached flood map in Figure 4.  Additionally, the HPL is not within the 1,000-
foot buffer zone of tidal waters. 

 
3.2 Site Geology 

A discussion of the geologic formations directly underlying and in close proximity to the 
site, the present and projected use of these formations as a source of ground water and 
minerals, and the hydrogeologic relationship between the formations. 
 
According to the Geologic Map of Maryland (1968) and the Geologic Map of the Baltimore 
East Quadrangle (1979), published by the Maryland Geologic Survey, the Site is within the 
Coastal Plain Physiographic Province.  The Coastal Plain is characterized by undifferentiated 
and interlayered sedimentary deposits derived from eroded and transported rock formations 
to the north and west.  Coastal Plain sediments were deposited in a marine and alluvial 
environment during periods of fluctuating sea levels over the crystalline rocks of the 
Piedmont Province.  More specifically, the Site is shown to be underlain by the silt-clay 
facies of the Potomac Group (Kpc), which includes the Patapsco, Arundel, and Patuxent 
Formations.  A regional hydrogeologic cross-section is presented in Figure 6.  The total 
thickness of these units is estimated to be 3,000 feet. 
 



Refuse Disposal Permit Phase II Report Hawkins Point Landfill 
July 28, 2022 GTA Project No. 200476 
 

6 

The Patapsco Formation is the shallowest unit of the three within the Potomac Group and is 
estimated to be over 200 feet thick below the Site, overlying crystalline bedrock that dips to 
the southeast. The Patapsco Formation silt-clay facies is described as massive and thick-
bedded variously colored clay with interbedded sand or silt lenses, and well-sorted fine- to 
medium-grained sand with thin clay beds.  Within the site vicinity, the sand-gravel facies 
includes interbedded quartz sand, pebbly sand and gravel, and subordinate silt and clay.   
 
Below the Patapsco Formation, the Arundel Formation is described as variously colored clay 
with interbedded sand or silt lenses, and well-sorted fine- to medium-grained sand with thin 
clay beds.  Within the site vicinity, the sand facies of the Potomac Group (Kps), the Patuxent 
Formation, underlies the Arundel Formation at greater depths.  Patuxent Formation soils 
consist of interbedded quartz sand, pebbly sand and gravel, and subordinate silt and clay. 
 
Numerous soil borings have been performed at the Site as part of the development of the 
landfill or installation of the groundwater monitoring network on both the Site and the 
adjacent Lot 15 landfill between 1988 and 2009.   
 

 In 1988, O’Brien and Gere, Inc. advanced 18 soil borings and installed 12 
piezometers, most of which were located on the adjacent Lot 15 property.  Five of 
the soil borings were located on the Site.  Boring depth ranged from 10 to 180 feet 
below ground surface (bgs).  The results of the investigation are included in a 1991 
Phase II Report by Oosterbaan and are provided in Appendix B. 

 In 1991, Hillis-Carnes, Inc. advanced four borings (G-3D, G-16D, G-18D, and G-22) 
and installed one groundwater monitoring well (G-18D) on the HPL site, and 
additional borings and wells on the adjacent Lot 15 property.  The explorations 
generally encountered stiff clay.  Laboratory analysis of the physical properties of the 
soil including water content, Atterberg Limits, and hydrometer analysis and field tests 
of falling head hydraulic conductivity were also performed.  The boring logs and 
results of the laboratory tests are included in Appendix B.   

 In October 1992, Haley and Aldrich (H&A) installed 10 monitoring wells (M-1 to 
M-7 and M-9 to M-11), two of which are located on the Site.  The boring logs are 
included in Appendix B. Monitoring wells M-1 through M-5 are the wells that are 
located on the HPL property. 

 In May 2009, Geosyntec performed shallow soil sampling at the adjacent Lot 15 
Landfill site to conduct laboratory tests for geotechnical properties.  Additionally, 
samples were collected from the clay stockpiled at the Lot 15 Landfill.  The results 
of the field exploration and laboratory are included in Appendix B.   

 In 2011, Geosyntec collected 25 soil samples, 19 from the bottom of Cell 1 
(approximately El 10 to 16 feet amsl) and six from the bottom of the leachate pond 
(approximately El 38 feet amsl) during construction of those features.  The sample 
locations and the results of the laboratory tests are also included in Appendix B.    

 
According to a Phase II Environmental Site Assessment Report by EA Engineering dated 
November 2015, explorations encountered a subsurface profile consisting of interbedded 
sands and clays consistent with the Patapsco Formation.  The Patapsco Formation includes 
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three distinct units, all of which were encountered during the soil boring investigations of the 
Site: 
 

 Upper Patapsco Unit: The surficial exposure of the uppermost unit is typically a 
relatively thin layer of sand.  Most of this sandy material was removed from the Site 
for use as part of the construction of the nearby Key Bridge.  This sand unit is 
underlain by a thick clay confining unit. 

 Confining Clay Unit: The explorations at the Site identified the clay confining unit 
as ranging in thickness from approximately 40 to 150 feet, and up to 105 feet thick 
below the existing landfill base.  There are discontinuous beds of clayey and silty 
sands within the clay unit. 

 Lower Patapsco Unit: The lower Patapsco unit was the deepest unit penetrated by 
borings drilled at the Site, encountered at a depth of 162 feet bgs. The unit was 
characterized by sand and gravel materials. 

     
3.3 Groundwater Production Well Survey 

A survey of all production wells within ½ mile of the site boundary. Each well shall be 
located on the topographic map and a table shall be developed which specifies all the 
available pertinent information such as well depth, screen type, productivity, materials 
encountered, and water level.  

 
A request was submitted to MDE for a search of the groundwater production wells within a 
half-mile of the site boundary.  The locations of the wells were obtained from the well 
location database provided by Kathy Mohan, PIA Liaison of the Water and Sciences 
Administration of MDE. The groundwater production wells within a half-mile of the Site are 
used as testing or monitoring wells, and not as drinking water wells.  A listing of wells is 
provided in Table 1 and locations are shown on Figure 7. 

 
3.4 Groundwater Elevations 

Ground water contour maps to show the occurrence and direction of ground water flow 
beneath the Site superimposed on the current topographic map. Three separate ground water 
contour maps as specified below shall be constructed for each distinct water-bearing 
formation occurring within 50 ft of the anticipated lowest elevation of the refuse cell floor, 
using monthly ground water elevation data collected from piezometers on the Site over a 
period of not less than 12 months, or derived using a hydrologic simulation or prediction 
technique approved by the Department. Three ground water contour maps shall be 
constructed from a set of: (a) Water elevations measured or predicted during the month that 
represents the most: (i) Elevated ground water condition, (ii) Depressed ground water 
condition; and (b) The highest observed or predicted ground water elevations.  

 
The groundwater monitoring wells at the Site were installed in 1993 to depths ranging 
between approximately 137 to 192 feet bgs (80 and 120 feet below the base of the landfill), 
likely within a confined aquifer in the sandy unit of the Patapsco Formation.  Groundwater 
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is stored in the sands of the Patapsco Formation and the sand and gravels of the Patuxent 
Formation.  During the most recent monitoring event, groundwater elevation ranged between 
2.40 and 5.30 feet amsl with a flow direction towards the southeast. 

The most recent groundwater sampling report (TM Engineering, Inc., May 2021) stated that 
“…all wells appear to fluctuate in unison indicating hydraulic communication between the 
strata the wells penetrate.”  High groundwater elevations ranged from 5.31 feet amsl to 4.30 
feet amsl, and low elevations ranged from 3.32 feet amsl to 2.12 feet amsl.  Details are 
included in the Analysis of Groundwater Data report dated May 25, 2021 in Appendix C. 
 
Contours of elevated and depressed groundwater conditions, and highest observed 
groundwater elevations for the hydrostratigraphic unit encountered at the Site, are presented 
in Figure 8.  Historic groundwater elevation data are tabulated in the most recent available 
groundwater monitoring report attached as Appendix C. 
 

3.5 Geologic Cross-Sections 

Geologic cross sections in sufficient detail, orientation, and number to clearly identify 
subsurface conditions at the Site.  

 
A site geologic cross-section key map is shown in Figure 9, and geologic cross-sections are 
provided in Figures 10 through 14.  

 
3.6 Site Bedrock Profile 

A bedrock map, except in the coastal plain outside the fall zone, to show the contours of the 
bedrock surface beneath the Site. 

 
As described further in Section 4.2, according to the Geologic Map of Maryland (1968) and 
the Geologic Map of the Baltimore East Quadrangle (1979), published by the Maryland 
Geologic Survey, the Site is within the Coastal Plain Physiographic Province.  Because the 
Site is located in the coastal plain, a bedrock map is not required. 

 
3.7 Shallow Soil Profile 

An isopachous map to show the minimum thickness of soil and other unconsolidated 
sediments above the elevation of ground water as determined in § C(4), or bedrock as 
determined in § C(6), whichever is the higher.  

 
As discussed in Section 4.2, prior investigations of the Site and the adjacent Lot 15 landfill 
provided data regarding the unconsolidated sediments located at the Site.  Based on the 
interpreted Site geology from the subsurface investigation and highest groundwater 
elevations, an isopachous map showing the distance between highest groundwater table and 
the base of the landfill liner is included as Figure 15.    
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Based on the most recent groundwater monitoring report for the property dated May 25, 
2021: “Groundwater in the Patapsco formation occurs primarily within upper and lower 
sand facies which are separated by a clay confining layer.  Locally, the sand layers can be 
discreet and discontinuous, but when extensive, form the upper regional aquifer.  
Groundwater within the clay facies rarely occurs as free moisture in occasional sand pockets 
and this portion of the formation is generally impervious with a thickness of approaching 
and exceeding one hundred feet in the vicinity of the landfill site.”  The bottom of the landfill 
liner is separated from the aquifer in the lower sand unit by a clay confining layer. A 
generalized regional hydrogeologic cross-section of the Coastal Plain sediments overlying 
Piedmont bedrock in the vicinity of the Site is presented in Figure 5. 

 
3.8 Groundwater Quality 

A discussion of the chemical quality of ground water in the aquifers beneath the Site as 
determined in § C(2). The list of chemical parameters shall include pH, alkalinity, hardness, 
chloride, specific conductance, nitrate, chemical oxygen demand, arsenic, barium, cadmium, 
chromium, zinc, lead, mercury, the volatile priority pollutants, and any other pollutants 
specified by the Department. 

 
Groundwater quality for the Site was characterized in 1991 as part of a site investigation 
conducted to support the preparation of the previous Hawkins Point Plant (HPP) Landfill 
(Oosterbaan, 1991).  Groundwater quality test results demonstrated that groundwater 
collected at the Site met maximum contaminant levels (MCL) for the analysis performed. 
Groundwater is monitored semi-annually, generally in January and July, according to the 
requirements of the refuse permit and a Groundwater Monitoring Plan (Appendix D) 
prepared by TM Engineering, Inc. dated April 27, 1992/revised August 2019. 

 
The groundwater monitoring wells at the Site were installed in 1993 to depths ranging 
between approximately 137 and 192 feet bgs (80 and 120 feet below the base of the landfill, 
respectively), likely within a confined aquifer in the sandy unit of the Patapsco Formation.  
Based on the most recent available monitoring event data, groundwater elevation ranged 
between 2.40 and 5.30 feet amsl with a flow direction towards the southeast.  A summary of 
analytical results for the semi-annual groundwater monitoring events conducted at the HPL 
for the five onsite monitoring wells through February 2021 is included in Appendix C.   

The groundwater samples are analyzed for chemical oxygen demand, dissolved metals, total 
alkalinity, ammonia, antimony, arsenic, barium, beryllium, cadmium, calcium, chromium, 
cobalt, copper, hardness, iron, lead, magnesium, manganese, mercury, nickel, potassium, 
selenium, silver, sodium, sulfate and chloride, nitrates, thallium, vanadium, and zinc.  
Characteristics measured during sampling include pH, turbidity, and electrical conductivity.  
The most recent groundwater sampling report states that: “Nearly all groundwater samples 
from the monitoring wells for the HPP Landfill exhibited analytical test values below limits 
established U.S. Environmental Protection Agency for parameters of the primary Drinking 
Water Regulations (DWR). Exceptions are pH values which are routinely below the lower 
DWR limit of 6.5.  All of these pH values are within the natural range of concentrations for 
the geologic formation as reported in Reference 1.  Overall, analytical data from monitoring 
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wells are reasonably consistent and reflect natural groundwater conditions.”  

 
3.9 Potential Migration of Pollutants 

A discussion of the potential for the vertical and horizontal movement of pollutants into the 
waters of this State. 

 
The Patapsco River is located approximately 2,000 feet to the east of the Site.  There is 
exchange of groundwater between the river and the aquifers underlying the Site, but there is 
no communication between the landfill and the underlying aquifer unit.  Subsurface 
explorations at the Site identified a clay confining unit ranging from approximately 40 to 150 
feet thick, and up to 105 feet thick below the existing landfill base (Figure 15).  There are 
discontinuous beds of clayey and silty sands within the clay unit, which are not connected to 
the underlying lower aquifer sand units.   
 
Additionally, there is a 12-inch-thick compacted clay layer underneath the landfill created to 
limit the vertical movement of groundwater into the aquifer below. Permeability testing has 
been completed on the clay layer, which demonstrates a maximum hydraulic permeability of 
1 x 10-7 cm/sec. A leachate collection system is in place to contain pollutants produced by 
the landfill within the limits of the landfill. The leachate system is constructed of perforated 
pipes, coarse sand, and coarse aggregate.  
 
The surface water on site is discharged through a leachate collection system into Swan Creek, 
which leads into the Patapsco River, through a National Pollutant Discharge Elimination 
System permitted Outfall 003. GTA is currently in the process of designing an updated 
leachate treatment system for use if concentrations warrant treatment prior to the discharge. 
This system will contain and treat the leachate, limiting the ability for pollutants to spread to 
the surrounding waters. All of these factors combined make any contamination of 
surrounding state waters unlikely.  

 
3.10 Fracture Trace 

The results of a fracture trace or aerial photographic lineament analysis (except in the coastal 
plain) which identifies the relationship between these features and the local ground water 
hydrology. 

 
As described further in Section 3.2, according to the Geologic Map of Maryland (1968) and 
the Geologic Map of the Baltimore East Quadrangle (1979), published by the Maryland 
Geologic Survey, the Site is within the Coastal Plain Physiographic Province.  Because the 
Site is located in the coastal plain, a fracture trace or aerial photographic lineament analysis 
is not required. 
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3.11 Geotechnical Properties 

Test boring logs, well completion reports, piezometric measurements, chemical and physical 
soil/sediment analyses, and all accompanying geotechnical analyses. All laboratory and field 
methodologies and procedures shall be included. 

 
As discussed in Section 4.2 and provided in Appendix B, prior investigations of the Site and 
the adjacent Lot 15 landfill provided data regarding the unconsolidated sediments located at 
the Site.  In 1988 and 1991, O’Brien & Gere and Hillis-Carnes conducted various 
geotechnical laboratory tests and in 1992, H&A conducted hydraulic conductivity tests on 
soil collected in the locations of installed groundwater wells.  The average permeability for 
the soil tested was approximately 6.1×10-6 cm/s, which was is a somewhat elevated 
permeability for clay that may have resulted from scattered interbeds of sand within the 
screened wells. In 1999, GTA conducted additional geotechnical analysis on the clay at the 
base of the landfill cells.  The average clay permeability from the samples collected by GTA 
was calculated to be 4.8×10-8 cm/s.  In 2011, Geosyntec performed 25 permeability tests and 
moisture content tests during the construction of Cell 1 at the adjacent Lot 15 Landfill.  The 
resulting averaged measured permeability of the samples was 3.2×10-8 cm/s. Results from 
prior investigations are summarized in Appendix E as compiled by Geosyntec as part of their 
2019 permit application.   

 
Methods utilized in the various investigations are summarized below: 

 O’Brien and Gere, Inc. (1988): water content, Atterberg Limits, and grain size 
distribution. 

 Hillis-Carnes, Inc. (1991): water content, Atterberg Limits, and grain size 
distribution; seven field falling-head hydraulic conductivity tests   

 H&A (1992): two constant-head hydraulic conductivity tests on remolded samples of 
the cohesive material that were compacted to 95% of maximum dry density using the 
modified Proctor compaction effort 

 GTA (1999): index tests, grain size distribution, Proctor tests, and laboratory falling-
head permeability test 

 Geosyntec (2009): Shelby tube samples, bulk samples for stockpiled clay from 
adjacent Lot 15 landfill 

 Geosyntec (2011):  permeability tests and moisture content tests for HPL Cell 1 and 
the adjacent Lot 15 landfill 

 

The average permeability of the samples from the soil stockpile for the adjacent Lot 15 
Landfill was 8.9×10-7 cm/s.  The stockpile material appears to have been contained more 
granular, sandy materials which resulted in high permeability values in the laboratory 
analysis. As part of the construction of the adjacent Lot 15 Landfill, approximately 1,000,000 
cy of clay was stockpiled on the HPL on top of the Phase I cell waste and unfilled Phase II 
cell. Currently, that clay and sandy clay material is being removed as overburden to expose 
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the available landfill capacity, and is being used as cover.  The stockpiled clay is also being 
removed for offsite uses, or reserved for future closure-capping material.  
 

3.12 Conceptual Landfill Design 

A preliminary conceptual design of the proposed municipal landfill based on the geotechnical     
information gathered in § C(1) - § C(11)… 

 
As described in Section 2.2, as-built plans show that the cells were excavated to 
approximately 11 feet amsl in the northwest corner of the landfill and gently slope down to 
approximately 8 feet amsl in the southwest corner.  A bottom liner was constructed across 
the entire base of the landfill footprint consisting of a 12-inch-thick compacted clay layer 
that conforms to the required maximum hydraulic permeability of 1 x 10-7 cm/sec.  Refer to 
Figure 16, Liner Schematic. 

A leachate collection system drains leachate and rainwater into a network of pipes and a 
sump. An 18-inch-thick leachate collection system consisting of coarse sand with a network 
of 4-inch or 6-inch diameter perforated pipes surrounded by coarse aggregate encased in a 
filter fabric was installed to collect leachate generated and to prevent migration of pollutants 
outside the limits of the landfill.  The liner floor was graded at approximately 0.25% slope 
to facilitate leachate conveyance to the sump and collection pipes.  The pipe network drains 
to the leachate sump within the landfill and then gets pumped to a sump which consists of a 
manhole that removes leachate by gravity to the middle settling basin onsite.  Refer to Figure 
17, Leachate System Layout. 
 
Leachate is currently pumped to a settling basin on the adjacent former Cristal USA, Inc. 
property that is scheduled to be abandoned.  Leachate is planned to be redirected to discharge 
to the Patapsco River by way of an easement on the adjacently southeastern property, through 
a treatment system if needed based on leachate sampling results and discharge requirements.  
No modifications or expansions of the liner are proposed as part of the operations. 

 

4.0 PROPOSED USE 

4.1 Area Served 

The landfill is intended to service third-party customers for disposal of acceptable wastes 

with MDE approval.  The service area is not restricted to any particular county or city, but rather 

is focused on a specific waste stream for sites in the surrounding area. 

 

4.2 Types of Waste Accepted 

Wastes accepted would be the same wastes that the landfill is currently permitted to accept 

and similar materials. Some prior materials were process-specific for the now-closed Cristal USA, 
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Inc. plant such as gypsum-sulfate process waste, lagoon dredging/chloride process solids, and 

batch attack by-products such as mud and ore residues that are no longer applicable.  Under the 

current permit, brick (including refractory), excavated soil/clay/rubble, and road asphalt are 

accepted and will continue to be disposed at the landfill.  Additionally, the facility will accept 

third-party waste including non-friable asbestos-containing materials (ACM). Friable ACM will 

be accepted in a GPS-marked and dedicated area and subject to special handling and management 

requirements.  The landfill will not accept household refuse, landscape debris, liquid waste, liquid 

paint, tar, paint thinner, other solvents, or hazardous waste.  Third-party waste may be accepted at 

the landfill, excluding hazardous waste or waste that is included under RCRA Subtitle C regulation 

40 CFR 261.4(b)(7).  In such case, wastes shall be sampled and analyzed in accordance with 

USEPA approved Toxicity Characteristics Leaching Procedure and USEPA publication SW-846 

prior to disposal.  Should the landfill consider accepting third-party waste, the permittee will 

submit a written request to the MDE for authorization to dispose of the waste, including waste 

characterization as required by the MDE. 

 

4.3 Site Receiving  

The landfill is currently accessed via a locked gate along a driveway that extends south 

from Fort Armistead Road.  Chain-link fences with barbed wire at the top have been installed 

around the facility perimeter to restrict access by unauthorized personnel and vehicles.  The 

entrance is controlled via chain-link lockable gates. The landfill operations and visitor reception 

are managed out of the trailer building on the interior of the gate.  Loads will be directed to the 

active portion of the landfill for disposal, except for friable ACM which will be directed to the 

asbestos disposal area.  The facility will operate during daylight hours and access will be controlled 

at all times through a monitored gate.  

 

5.0 ADMINISTRATIVE 

Any modifications to the operating plan or requests to accept different types of waste will 

be submitted to MDE prior to implementation.  The permittee will maintain records of waste 

characterization prior to acceptance, a logbook documenting loads received, and provide records 
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upon request to MDE.  The facility will perform inspection of incoming waste and dust and litter 

control, and maintain an approved stormwater management plan for the entire site. 
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TABLES



Table 1
Groundwater Wells Within 0.5 Mile

Top (ft) Bottom (ft)
AA817531 Kembo Road 52 PL 42 52 T 11/6/1986
BC810517 Quarantine Road 92 PL 82 92 T 6/5/1986
BC810519 Quarantine Road ‐‐ ‐‐ ‐‐ ‐‐ T ‐‐

BC810520 Quarantine Road 124 PL 114 124 T 8/12/1986
BC810526 Quarantine Road 97 PL 87 97 T 6/9/1986
BC810207 Glidden 30 PL 20 30 T 9/4/1984
BC810933 Dock Road ‐‐ ‐‐ ‐‐ ‐‐ T ‐‐

BC810271 RT 695 29 PL 20 29 T 12/18/1984
BC730031 RT 695 ‐‐ ‐‐ ‐‐ ‐‐ T ‐‐

BC810040 Glidden 40 PL 33 40 T 9/23/1981
BC810043 Glidden 40 PL 33 40 T 9/23/1981
AA941340 Tanyard Cove Rd 15 ST 5 15 T 4/1/1997
BC100112 Cove Rd 50 PL 20 50 I 12/15/2011
BC100113 Cove Rd 45 PL 15 45 I 12/16/2011
BC100114 Cove Rd 45 PL 15 45 I 12/17/2011
BC100115 Cove Rd 36 PL 26 36 T 12/20/2011
BC130065 Quarantine Road 52 PL 22 52 T 12/7/2012
BC130066 Quarantine Road 54 PL 24 54 T 12/4/2012
AA150253 Kembo Road 15 PL 5 15 T 4/20/2017
AA150254 Kembo Road 50 PL 30 50 T 4/19/2017
AA150255 Kembo Road 15 PL 5 15 T 4/20/2017
BC150084 Fort Armistead Rd 22 ‐‐ ‐‐ ‐‐ T 6/10/2015
AA150470 Kembo Road 50 PL 30 50 T 11/13/2017
AA150464 Kembo Road 50 PL 30 50 T 11/14/2017
AA150465 Kembo Road 55 PL 35 55 T 11/20/2017
AA150467 Kembo Road 50 PL 30 50 T 10/31/2017
AA150468 Kembo Road 45 PL 25 45 T 11/9/2017

Location / RoadPermit Number Usage Completion Date
Screened Interval

Screen TypeTotal Depth (ft)
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Memorandu m  

Date: 9 October 2019 

To: Project File 

From: Alexander Mathes 
Thom Bristol 

Subject: Wetland Delineation Results 
Hawkins Point Landfill 
Hawkins Point, Baltimore, Maryland 

Geosyntec Consultants (Geosyntec) has prepared this memorandum for Hawkins Point, LLC 
(Client) to present the findings of a wetland delineation of the Hawkins Point Landfill property 
(Survey Area) located on approximately 30-acres at 3901 Fort Armistead Rd., Baltimore, 
Maryland (the “Subject Property” or “Site”).  The Site is currently an active landfill providing 
support to the Hawkins Point Plant located on an adjacent parcel. The following is a summary of 
Geosyntec’s field investigation of the property.   

Project Description 

The Project site is located in southeastern Baltimore City boundary, immediately adjacent to the 
Anne Arundel County Line (Figure 1). The property is located on the southeast corner of the 
intersection of a northbound CSX rail line and Fort Armistead Road consisting of developed and 
undeveloped lands.  The landfill,  support offices, asphalt parking lots/roadways are located within 
the central portion of the Site, while railroad tracks occurring outside of the perimeter fence are 
present along the peripheral of the approximately 30-acre parcel.  The remaining area is largely 
undeveloped, unmaintained woodland with the exception of a maintained electrical power line 
right-of-way (ROW) (Figure 2). A gravel two-track road circles the landfill and an active sediment 
basin occurs on the southwest corner of the landfill.  Land use in the Project vicinity generally 
includes undeveloped woodlands, public utilities ROW, transportation corridors, and developed 
industrial land, including a nearby landfill used for the storage of coal combustion byproducts. 

Geosyntec biologists, Alexander Mathes and Carter Black, conducted the wetlands delineations 
within the property boundary on 30 September and 1 October 2019.  The primary goal of 
delineation was to positively identify, to the extent present, wetlands and other waters (streams, 
open waters, etc.) within the Survey Area and provide a general characterization of their condition 
(forested/scrub-shrub/herbaceous).  

 

http://www.geosyntec.com/
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Wetlands Delineation Methodology 

In general, wetlands and other waters of the U.S. are federally protected under Section 404 of the 
Clean Water Act.  The definition of wetlands (at 40 Code of Federal Regulations §230.3(t)) is 
"those areas that are inundated or saturated by surface or groundwater at a frequency and 
duration sufficient to support, and that under normal circumstances do support, a prevalence of 
vegetation typically adapted for life in saturated soil conditions.  Wetlands generally include 
swamps, marshes, bogs and similar areas."   

Geosyntec performed a wetlands/waters delineation of the Survey Area in accordance with the 
three-parameter methodology outlined in the 1987 USACE Wetlands Delineation Manual 1 
(Manual), the Regional Supplement to the Corps of Engineers Wetland Delineation Manual: 
Atlantic and Gulf Coast Region2, and per recent guidance issued jointly by the U.S. Environmental 
Protection Agency (EPA) and the USACE that resulted from the Rapanos vs. U.S. and Carabell 
vs. U.S. Supreme Court decisions3.   

The three parameters required for identifying a jurisdictional wetland are as follows: 

• The presence of hydrology - At each data point, the delineator evaluates the area for 
evidence of hydrology.  The Manual identifies both primary and secondary hydrologic 
indicators, where one primary indicator or two secondary indicators must be evident.  Some 
examples of wetland hydrology indicators include saturation in the upper 12 inches of the 
soil profile, inundation, water marks on vegetation, drift lines, sediment deposits, drainage 
patterns, oxidized root channels, and waters stained leaves. 

• The presence of hydrophytic vegetation - Plant species are assigned a regionally-based 
facultative status, by the U.S. Department of Agriculture (USDA), which describes a 
particular species’ tolerance of water.  A plant’s facultative status suggests habitat 
preference(s) in a given region with respect to its aptitude to grow in low-oxygen 
(anaerobic) conditions.  Hydrophytic, or “water loving”, vegetation are those plants which 
have adapted to growing in the anaerobic conditions associated with prolonged saturation 
or flooding.  Hydrophytic species can have a facultative status of “facultative” (FAC), 
“facultative wet” (FACW), or “obligate” (OBL).  If, after defining a study plot that contains 

                                                      
1 Environmental Laboratory. 1987. Corps of Engineers Wetlands Delineation Manual.  Department of the Army, Waterways 
Experiment Station. Vicksburg, Mississippi. 117 pages. 
2 Environmental Laboratory. 2012. Regional Supplement to the Corps of Engineers Wetland Delineation Manual:   Eastern 
Mountains and Piedmont Region(Version 2.0).  Department of the Army. U.S. Army Corps of Engineer Research and 
Development Center. Vicksburg, Mississippi. 182 pages. 
3 Rapanos, John, et al. v. United States.  2006. 6th Circuit Court of Appeals. Docket Number 04-1034 and Carabell, June, et al. v. 
United States. 2005. 6th Circuit Court of Appeals. Docket Number No. 04-1384 
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vegetation representative of the larger area being described and identifying all species 
within it, 50 percent or greater of all identified species have an assigned facultative status 
of FAC, FACW or OBL, wetland vegetation criteria is met.   

• The presence of hydric soils - Evaluating the presence of hydric soils requires that the 
delineator sample the upper 12 inches of soil to obtain a profile description and identify 
hydric soil indicators, such as histosols, histic epipedons, sulfidic odor, aquic moisture 
regime, reducing conditions, gleyed or low-chroma colors, concretions, etc.  In most cases, 
hydric soils are most efficiently identified by the profile description, where the soil 
coloration is compared to the Munsell Color chart system to determine if the material meets 
hydric conditions.   

An area is classified as a wetland only in instances where all three parameters exist (under normal 
circumstances).  If one or more criteria are absent, then the area is deemed an upland.  To 
sufficiently justify the wetland boundary line, a wetland data point and an upland data point are 
obtained at each respective location (a minimum of one pair of data points per wetland).  As the 
delineator reviews the area and obtains data points, visible indicators (e.g., abrupt changes in 
vegetation, elevation, surface water, etc.) often become apparent, allowing the delineator to more 
efficiently establish the wetland boundary. 

Geosyntec conducted on-site wetland assessments in accordance with the methodologies 
prescribed by the USACE and EPA pursuant to Sections 401 and 404 of the Clean Water Act 
(CWA). During the on-site wetland assessments, Geosyntec located and delineated the boundaries 
of features within the property boundary as depicted in Figure 3. Geosyntec flagged the boundaries 
of all delineated features with sequentially-numbered, high-visibility flagging and recorded the 
flag locations with a Global Positioning System (GPS) with submeter capabilities 
(Manufacturer/Model: Trimble R-1).  

It should be noted that the surveys were conducted during an unseasonably dry period of the year 
in which much of Maryland was experiencing a D01 Moderate Drought conditions according to 
the National Drought Mitigation Center (NDMC) at the University of Nebraska-Lincoln.  See the 
Hydrology Section of the Wetland Data Forms for a more detail discussion on climatic conditions. 

Findings 

Nineteen herbaceous wetlands (designated as contained within areas W1, W2, and W3), one 
forested wetland (W2-For), and four Other Waters features (Sediment Basin, Washdown/Sump 
Pit, Impoundments-1 and -2) were delineated.  These features are identified in Table 1, below and 
depicted on Figure 3.   

Wetlands W1, W2, and W3 consist of heavily infested herbaceous wetlands that are/have been 
impacted by anthropogenic disturbances.  Fourteen (14) W1 features are all associated with 
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manmade ditches constructed along railroad or vehicular roadways to drain water away from these 
features.  W2 consists of two herbaceous wetlands that occur along the southern boundary of the 
property, outside of the perimeter fence.  No access to the areas outside the fence was available. 
Based on current/historical aerial imagery, the primary hydrology of these features is associated 
with unregulated ponding from development within the adjacent landowner property.  A small 
0.11-acre forested wetland (W2-For) dominated by mature black willow (Salix nigra) occurs 
within the undeveloped portion of the W2.  The area designated W3 consists of the dense stand of 
Phragmites that has infested a discharge area for the Sediment Basin.  A constructed access road 
along the north/west perimeter of the wetland serves as an impoundment to the area.  A mosaic of 
frequently saturated/inundated areas can be observed within this area on aerial imagery. 

Impoundments 1 and 2 are located within the perimeter roadway around the landfill.  They are 
manmade features created during the operation of the landfill.  Impoundment-1 was inundated with 
approximately three feet of water and multiple turtles and other aquatic fauna were observed using 
the feature.  A riser along the southwestern corner regulates flow into the interior ditch system 
around the landfill.  Impoundment-2 was currently dry will large deep surface soil cracks present. 

The primary Sediment Basin exists along the southwest corner of the landfill.  Drainage from the 
interior and perimeter ditch system flows into the basin which has a riser pipe and discharge point 
along the western fenceline.  The area of discharge makes up the W1 feature.  Similar to 
Impoundment-2, the basin was dry during the survey with large surface soils cracks present. 

A concrete-lined Washdown/Sump Pit was observed along the fenceline at the entrance of the 
property.  The pit was inundated with approximately 2.5 feet of water and a culverted drainage 
pipe flows into a W1 ditch across the access gate. 

Geosyntec completed Wetland Determination Data Forms, where appropriate, and photographs of 
the general site features and delineated features have been compiled into a photographic log, 
provided as an attachment. 

Table 1.  Delineated Features Identified Within the Survey Area 

Resource Acres 

W1 1.21 
W2 0.78 
W3 2.55 
Impoundment-1 0.22 
Impoundment-2 0.01 
Sediment Basin 0.60 
Washdown/Sump Pit 0.02 
Total 5.39 
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Summary 

Geosyntec identified nineteen (19) features that total 5.39 acres within the Survey Area. These 
findings were demarcated in the field utilizing approved wetland delineation methods implemented 
by the USACE, it should be noted that formal consultation would be required with the USACE and 
appropriate state agency for official designation of jurisdictional wetland boundaries pursuant to 
Sections 404 and 401 of the CWA if the proposed Project will impact these features. 

 

Attachments  

Figures 1-4 

Photographic Log 

Routine Wetland Data Forms 

* * * * *  
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Tronox Project Number: MEM1653 

Site: Hawkins Point Plant Landfill Wetland Delineation Location: Baltimore City, MD 

Photograph 1 

 

Date: 10/1/2019 

Direction: South 

Comments:  
Photo of the unpaved 
powerline access road 
that serves as an 
impoundment to the 
sediment basin 
discharge. 

Photograph 2 

 

Date: 10/1/2019 

Direction: North 

Comments: 
Photo of the sediment 
basin located on the 
southwest corner of the 
facility. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Tronox Project Number: MEM1653 

Site: Hawkins Point Plant Landfill Wetland Delineation Location: Baltimore City, MD 

Photograph 3 

 

Date: 10/1/2019 

Direction: Southwest 

Comments:  
Photo of a typical 
Phragmites-dominated 
railroad ditch located on 
the western boundary of 
the facility. 

Photograph 4 

 

Date: 10/1/2019 

Direction: Southwest 

Comments: 
Photo of the upland 
wooded habitat 
conditions along the 
southeast perimeter of 
the facility. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Tronox Project Number: MEM1653 

Site: Hawkins Point Plant Landfill Wetland Delineation Location: Baltimore City, MD 

Photograph 5 

 

Date: 10/1/2019 

Direction: Northwest 

Comments:  
Photo of the eastern 
perimeter road of the 
landfill. 

Photograph 6 

 

Date: 10/1/2019 

Direction: Southwest 

Comments: 
Photo of the active 
railroad tracks with 
adjacent Phragmites 
dominated wetland ditch. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Tronox Project Number: MEM1653 

Site: Hawkins Point Plant Landfill Wetland Delineation Location: Baltimore City, MD 

Photograph 7 

 

Date: 10/1/2019 

Direction: West 

Comments:  
Photo of the landfill 
perimeter road along the 
northeast portion of the 
property. 

Photograph 8 

 

Date: 10/1/2019 

Direction: West 

Comments: 
Photo of the washdown 
sump tank along the 
northern perimeter of the 
landfill. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Tronox Project Number: MEM1653 

Site: Hawkins Point Plant Landfill Wetland Delineation Location: Baltimore City, MD 

Photograph 9 

 

Date: 10/1/2019 

Direction: South 

Comments:  
Photo of the railroad 
tracks and powerline 
right-of-way on the 
western portion of the 
property. 

Photograph 10 

 

Date: 10/1/2019 

Direction: Northeast 

Comments: 
Photo of the Phragmites-
dominated wetland ditch 
along the railroad tracks 
at the entrance of the 
property. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Tronox Project Number: MEM1653 

Site: Hawkins Point Plant Landfill Wetland Delineation Location: Baltimore City, MD 

Photograph 11 

 

Date: 10/1/2019 

Direction: West 

Comments:  
Photo of the dry, shallow 
closed basin within the 
perimeter of the landfill. 

Photograph 12 

 

Date: 10/1/2019 

Direction: East 

Comments: 
Photo of the inundated 
pond within the landfill 
perimeter.  Aquatic 
fauna was observed 
within the impoundment. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Tronox Project Number: MEM1653 

Site: Hawkins Point Plant Landfill Wetland Delineation Location: Baltimore City, MD 

Photograph 13 

 

Date: 10/1/2019 

Direction: Northwest 

Comments:  
Photo of wetland habitat 
conditions at DP01. 

Photograph 14 

 

Date: 10/1/2019 

Direction: N/A 

Comments: 
Soil conditions at DP01. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Tronox Project Number: MEM1653 

Site: Hawkins Point Plant Landfill Wetland Delineation Location: Baltimore City, MD 

Photograph 15 

 

Date: 10/1/2019 

Direction: East 

Comments:  
Photo of upland habitat 
conditions at DP02. 

Photograph 16 

 

Date: 10/1/2019 

Direction: N/A 

Comments: 
Soil conditions at DP02. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Tronox Project Number: MEM1653 

Site: Hawkins Point Plant Landfill Wetland Delineation Location: Baltimore City, MD 

Photograph 17 

 

Date: 10/1/2019 

Direction: South 

Comments:  
Photo of wetland habitat 
conditions at DP03. 

Photograph 18 

 

Date: 10/1/2019 

Direction: N/A 

Comments: 
Soil conditions at DP03. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Tronox Project Number: MEM1653 

Site: Hawkins Point Plant Landfill Wetland Delineation Location: Baltimore City, MD 

Photograph 19 

 

Date: 10/1/2019 

Direction: Southwest 

Comments:  
Photo of upland habitat 
conditions at DP04. 

Photograph 20 

 

Date: 10/1/2019 

Direction: N/A 

Comments: 
Soil conditions at DP04. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Tronox Project Number: MEM1653 

Site: Hawkins Point Plant Landfill Wetland Delineation Location: Baltimore City, MD 

Photograph 21 

 

Date: 10/1/2019 

Direction: Northwest 

Comments:  
Photo of wetland habitat 
conditions at DP05. 

Photograph 22 

 

Date: 10/1/2019 

Direction: N/A 

Comments: 
Soil conditions at DP05. 

 



Tronox/TRONOX_PHOTOLOG 12 10.09.19 

GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Tronox Project Number: MEM1653 

Site: Hawkins Point Plant Landfill Wetland Delineation Location: Baltimore City, MD 

Photograph 23 

 

Date: 10/1/2019 

Direction: Southeast 

Comments:  
Photo of upland habitat 
conditions at DP06. 

Photograph 24 

 

Date: 10/1/2019 

Direction: N/A 

Comments: 
Soil conditions at DP06. 
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WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

Site:

Applicant/Owner: Sampling Point: 

Landform: (hillslope, terrace, etc.): Slope %: 1

Subregion (LRR or MLRA): Lat. Long. Datum:

Are climatic/hydrologic conditions on the site typical for time of year? Yes No (If no, explain in the Remarks)

,Soil significantly disturbed?

,Soil naturally problematic?

Are Normal Circumstances Present? No (If needed, explain any answers in Remarks)

Yes No Is the Sampled Area within a Wetland?

Yes No Yes X No

Yes No

X

X

X

Field Observations:

Surface Water Present? Yes No Wetland Hydrology Present?

Water Table Present? Yes No Yes X No

Yes No

Remarks:

The field surveys were conducted Sept 30 and Oct 1, 2019 during a period in which the region had received significantly lower than normal seasonal rainfall amounts 
for the September month-to-date (a -3.87" deficiency from a 4.03" normal value). The observed Year-to-Date amount was 27.25" which is a -4.63" deficeit according 
to the National Weather Service BWI Airport weather station.  The day of survey a Trace amount of rainfall was recorded. Considering the recent precipation and 
monthly deficient, the delineators felt that surface hydrology was not influenced by stormwater and that the seasonally dry conditions were pronounced.  Evidence of 
the significant dry conditions were observed within the southwestern sediment basin that was completely dry, whereas available historical imagery shows the basin 
as typically innundated.  A review of regional drought conditions from the website droughtmonitor.gov indicated Moderate Drought conditions (D01) existed for 
Baltimore City for the week of Oct 1, 2019.

Primary hydrology of the site is frequent overflow of the sewer pipe manhole.

(includes capillary fringe)

Describe Recorded Data (stream guage, monitoring well, aerial photos, previous inspections), if available:

X Depth (inches):

Saturation Present? X Depth (inches):

Water Stained Leaves (B9)
Sphagnum moss (D8) (LRR T, U)

X Depth (inches):

Inundation Visible on Aerial 
Imagery (B7)

Shallow Aquitard (D3)

FAC-Neutral Test (D5)

Algal Mat or Crust (B4) Thin Muck Surface (C7) Saturation Visible on Aerial Imagery (C9)

Iron Deposits (B5) Other (Explain in Remarks) Geomorphic Position (D2)

Sediment Deposits (B2) Presence of Reduced Iron (C4) Dry-Season Water Table (C2)

Drift Deposits (B3) Recent Iron Reduction in Tilled Soil (C6) Crayfish Burrows (C8)

Saturation (A3) Hydrogen Sulfide Odor (C1) Drainage Patterns (B10)

Water Marks (B1) Oxidized Rhizospheres on Living Roots (C3) Moss Trim Lines (B16)

Primary Indicators (minimum of one is require; check all that apply) Secondary Indicators (minimum of two required)

Surface Water (A1) Aquatic Fauna (B13) Surface Soil Cracks (B6)

High Water Table (A2) Marl Deposits (B15) (LRR U) Sparsely Vegetated Concave Surface (B8)

Remarks:

Shallow herbaceous wetland ditch associated with overflow from sewer pipe manhole.  See Hydrology Section for Climatic conditions.

HYDROLOGY

Wetland Hydrology Indicators:

Hydric Soil Present? X

Wetland Hydrology Present? X

Yes X

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present? X

X

Are Vegetation ,or Hydrology

Are Vegetation ,or Hydrology X

LRR: S , MLRA:149A 39.2035570 -76.543502 WGS 1984

Soil Map Unit Name: Sassafras, gravelly loam, 0 to 8 percent slopes NWI Classification: none

Investigator(s): A. Mathes, C. Black Section, Township, Range: N/A

Other Local relief (concave, convex, none): concave

Hawkins Point Plant Landfill Property City/County: Baltimore City Sampling Date: 10/1/2019

Tronox Limited State: MD DP-01

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

Plot size: r=30'

1.

2.

3. (A)

4.

5. (B)

6.

7. (A/B)

= Total Cover Prevalence Index Worksheet

0

Plot size: r=30' x 1 0

1. x 2 180

2. x 3 30

3. x 4 20

4. x 5 0

5. (A) 230 (B)

6. 2.2 (B/A)

7. Hydrophytic Vegetation Indicators:

8. 1 - Rapid Test for Hydrophytic Vegetation

9. x 2 - Dominance Test is >50%

= Total Cover x 3 - Prevalence Index is <3.0*

0

Plot size: r=30'

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

= Total Cover

19

Woody Vine Stratum Plot size: r=30'

1.

2. No

3.

4.

5.

= Total Cover

2

Remarks:  (if observed, list morphological adaptations below). 

10

50% of total Cover: 5 20% of Total Cover:

  

 

 

Persicaria perfoliata 5 Y FAC Yes X

Woody Vine - All woody vines greater than 3.28 ft in height.
95

50% of total Cover: 47.5 20% of Total Cover:

Lonicera japonica 5 Y FACU Hydrophytic Vegetation Present?

 

 

Sapling/Shrub - Woody plants, excluding vines, less than 3 in. DBH 
and greater than or equal to 3.28 ft (1m) tall.  

 Herb - All herbaceous (non-woody) plants, regardless of size, and 
woody plants less than 3.28 ft tall.  

 

 

 Definitions of Four Vegetation Strata:

 Tree - Woody plants, excluding vines, 3 in. (7.6cm) or more in 
diameter at breast height (DBH), regardless of height.

Baccharis halimifolia 5 N FAC

 

Herb Stratum  *Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic

Phragmites australis 90 Y FACW

0

50% of total Cover: 0 20% of Total Cover: Problematic Hydrophytic Vegetation* (Explain)

 

  

 Prevalence Index:

 

 Column Total 105

 UPL species 0

 FACU species 5

 FAC species 10

 FACW species 90

50% of total Cover: 0 20% of Total Cover: Total % cover of: Multiply by:

Sapling/Shrub Stratum  OBL species 0

67% 

0

3 

 Percent of dominant species that are 
OBL, FACW, or FAC:

2 

 Total number of dominant species 
across all strata:

 

 Number of dominant species that are 
OBL, FACW, or FAC:

VEGETATION (Four Strata) - Use scientific names of plants Sampling Point: DP-01

Tree Stratum  
Absolute 
% Cover

Dominant 
Species? Indicator Status

Dominance Test Worksheet

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

SOIL

Profile Description:  (Describe to depth needed to document the indicator or confirm absence of indicators.)

Depth

(inches) Color Loc**

0-4 10YR 3/2 M

4-12 10YR 4/1 M

X

Restrictive Layer (if observed)

Yes No

Remarks:  

Type:

Depth (inches): Hydric Soil Present? X

Sandy Redox (S5) Piedmont Floodplain Soils (F19) (MLRA 149A)

Stripped Matrix (S6) Anomalous Bright Loamy Soils (F20) (MLRA 
149A, 153C, 153D)Dark Surface (S7) (LRR P, S, T, U)

Coast Prairie Redox (A16) (MLRA 150A) Umbric Surface (F13) (LRR P, T, U)

Sandy Mucky Mineral (S1) (LRR O, S) Delta Ochric (F17) (MLRA 151)

Sandy Gleyed Matrix (S4) Reduced Vertic (F18) (MRLA 150A, 150B)

Muck Presence (A8) (LRR U) Redox Depressions (F8) Other (Explain in Remarks)

1 cm Muck (A9) (LRR P, T) Marl (F10) (LRR U)

 *** Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 

problematic.

Depleted Below Dark Surface (A11) Depleted Ochric (F11) (MLRA 151)

Thick Dark Surface (A12) Iron-Manganese Masses (F12) (LRR O, P, T)

Organic Bodies (A6) (LRR P, T, U) Redox Dark Surface (F6) Red Parent Material (TF2)

5 cm Mucky Mineral (A7) (LRR P, T, U) Depleted Dark Surface (F7) Very Shallow Dark Surface (TF12)

Hydrogen Sulfide (A4) Loamy Gleyed Matirx (F2) Piedmont Floodplain Soils (F19) (LRR P, S, T)

Stratified Layers (A5) Depleated Matrix (F3) Anomalous Bright Loamy Soils (F20) (MLRA 153B)

Histic Epipedon (A2) Thin Dark Surface (S9) (LRR S,T,U) 2 cm Muck (A10) (LRR S)

Black Histic (A3) Loamy Mucky Mineral (F1) (LRR O) Reduced Vertic (F18) (outside MLRA 150A, B)

*Type: C=Concentration, D=Depletion, RM=Reduced Matrix, MS=Masked Sand grains   **Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted) Indicators for Problematic Hydric Soils ***

Histosol (A1) Polyvalue Below Surface (S8) (LRR S, T,U) 1 cm Muck (A9) (LRR O)

90 7.5YR 4/1 10 C Silty loam

95 7.5YR 4/6 5 C Silty loam

% Color % Type* Texture Remarks

Sampling Point: DP-01

Matrix Redox Features

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

Site:

Applicant/Owner: Sampling Point: 

Landform: (hillslope, terrace, etc.): Slope %: 6

Subregion (LRR or MLRA): Lat. Long. Datum:

Are climatic/hydrologic conditions on the site typical for time of year? Yes No (If no, explain in the Remarks)

,Soil significantly disturbed?

,Soil naturally problematic?

Are Normal Circumstances Present? No (If needed, explain any answers in Remarks)

Yes No Is the Sampled Area within a Wetland?

Yes No Yes No

Yes No

Field Observations:

Surface Water Present? Yes No Wetland Hydrology Present?

Water Table Present? Yes No Yes No X

Yes No

Remarks:

The field surveys were conducted Sept 30 and Oct 1, 2019 during a period in which the region had received significantly lower than normal seasonal rainfall amounts 
for the September month-to-date (a -3.87" deficiency from a 4.03" normal value). The observed Year-to-Date amount was 27.25" which is a -4.63" deficeit according 
to the National Weather Service BWI Airport weather station.  The day of survey a Trace amount of rainfall was recorded. Considering the recent precipation and 
monthly deficient, the delineators felt that surface hydrology was not influenced by stormwater and that the seasonally dry conditions were pronounced.  Evidence of 
the significant dry conditions were observed within the southwestern sediment basin that was completely dry, whereas available historical imagery shows the basin 
as typically innundated.  A review of regional drought conditions from the website droughtmonitor.gov indicated Moderate Drought conditions (D01) existed for 
Baltimore City for the week of Oct 1, 2019.

(includes capillary fringe)

Describe Recorded Data (stream guage, monitoring well, aerial photos, previous inspections), if available:

X Depth (inches):

Saturation Present? X Depth (inches):

Water Stained Leaves (B9)
Sphagnum moss (D8) (LRR T, U)

X Depth (inches):

Inundation Visible on Aerial 
Imagery (B7)

Shallow Aquitard (D3)

FAC-Neutral Test (D5)

Algal Mat or Crust (B4) Thin Muck Surface (C7) Saturation Visible on Aerial Imagery (C9)

Iron Deposits (B5) Other (Explain in Remarks) Geomorphic Position (D2)

Sediment Deposits (B2) Presence of Reduced Iron (C4) Dry-Season Water Table (C2)

Drift Deposits (B3) Recent Iron Reduction in Tilled Soil (C6) Crayfish Burrows (C8)

Saturation (A3) Hydrogen Sulfide Odor (C1) Drainage Patterns (B10)

Water Marks (B1) Oxidized Rhizospheres on Living Roots (C3) Moss Trim Lines (B16)

Primary Indicators (minimum of one is require; check all that apply) Secondary Indicators (minimum of two required)

Surface Water (A1) Aquatic Fauna (B13) Surface Soil Cracks (B6)

High Water Table (A2) Marl Deposits (B15) (LRR U) Sparsely Vegetated Concave Surface (B8)

Remarks:

Mid slope upland on edge of wetland ditch.   See Hydrology Section for Climatic conditions.

HYDROLOGY

Wetland Hydrology Indicators:

Hydric Soil Present? X

Wetland Hydrology Present?

Yes X

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present?

X

Are Vegetation ,or Hydrology

Are Vegetation ,or Hydrology X

LRR: S , MLRA:149A 39.2035680 -76.543556 WGS 1984

Soil Map Unit Name: Sassafras, gravelly loam, 0 to 8 percent slopes NWI Classification: none

Investigator(s): A. Mathes, C. Black Section, Township, Range: N/A

Slope Local relief (concave, convex, none): convex

Hawkins Point Plant Landfill Property City/County: Baltimore City Sampling Date: 10/1/2019

Tronox Limited State: MD DP-02

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

Plot size: r=30'

1.

2.

3. (A)

4.

5. (B)

6.

7. (A/B)

= Total Cover Prevalence Index Worksheet

0

Plot size: r=30' x 1 0

1. x 2 4

2. x 3 15

3. x 4 440

4. x 5 10

5. (A) 469 (B)

6. 3.9 (B/A)

7. Hydrophytic Vegetation Indicators:

8. 1 - Rapid Test for Hydrophytic Vegetation

9. 2 - Dominance Test is >50%

= Total Cover 3 - Prevalence Index is <3.0*

0

Plot size: r=30'

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

= Total Cover

22.8

Woody Vine Stratum Plot size: r=30'

1.

2. No X

3.

4.

5.

= Total Cover

1

Remarks:  (if observed, list morphological adaptations below). 

5

50% of total Cover: 2.5 20% of Total Cover:

  

 

 

 Yes

Woody Vine - All woody vines greater than 3.28 ft in height.
114

50% of total Cover: 57 20% of Total Cover:

Rubus pensilvanicus 5 Y FAC Hydrophytic Vegetation Present?

 

 

Sapling/Shrub - Woody plants, excluding vines, less than 3 in. DBH 
and greater than or equal to 3.28 ft (1m) tall.  

 Herb - All herbaceous (non-woody) plants, regardless of size, and 
woody plants less than 3.28 ft tall.  

Daucus carota 2 N UPL

Phragmites australis 2 N FACW

Solidago canadensis 10 N FACU Definitions of Four Vegetation Strata:

Sorghum halepense 5 N FACU Tree - Woody plants, excluding vines, 3 in. (7.6cm) or more in 
diameter at breast height (DBH), regardless of height.

Lespedeza cuneata 25 Y FACU

Lonicera japonica 10 N FACU

Herb Stratum  *Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic

Festuca subverticillata 60 Y FACU

0

50% of total Cover: 0 20% of Total Cover: Problematic Hydrophytic Vegetation* (Explain)

 

  

 Prevalence Index:

 

 Column Total 119

 UPL species 2

 FACU species 110

 FAC species 5

 FACW species 2

50% of total Cover: 0 20% of Total Cover: Total % cover of: Multiply by:

Sapling/Shrub Stratum  OBL species 0

33% 

0

3 

 Percent of dominant species that are 
OBL, FACW, or FAC:

1 

 Total number of dominant species 
across all strata:

 

 Number of dominant species that are 
OBL, FACW, or FAC:

VEGETATION (Four Strata) - Use scientific names of plants Sampling Point: DP-02

Tree Stratum  
Absolute 
% Cover

Dominant 
Species? Indicator Status

Dominance Test Worksheet

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

SOIL

Profile Description:  (Describe to depth needed to document the indicator or confirm absence of indicators.)

Depth

(inches) Color Loc**

0-16 10YR 3/2

Restrictive Layer (if observed)

Yes No X

Remarks:  

Type:

Depth (inches): Hydric Soil Present?

Sandy Redox (S5) Piedmont Floodplain Soils (F19) (MLRA 149A)

Stripped Matrix (S6) Anomalous Bright Loamy Soils (F20) (MLRA 
149A, 153C, 153D)Dark Surface (S7) (LRR P, S, T, U)

Coast Prairie Redox (A16) (MLRA 150A) Umbric Surface (F13) (LRR P, T, U)

Sandy Mucky Mineral (S1) (LRR O, S) Delta Ochric (F17) (MLRA 151)

Sandy Gleyed Matrix (S4) Reduced Vertic (F18) (MRLA 150A, 150B)

Muck Presence (A8) (LRR U) Redox Depressions (F8) Other (Explain in Remarks)

1 cm Muck (A9) (LRR P, T) Marl (F10) (LRR U)

 *** Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 

problematic.

Depleted Below Dark Surface (A11) Depleted Ochric (F11) (MLRA 151)

Thick Dark Surface (A12) Iron-Manganese Masses (F12) (LRR O, P, T)

Organic Bodies (A6) (LRR P, T, U) Redox Dark Surface (F6) Red Parent Material (TF2)

5 cm Mucky Mineral (A7) (LRR P, T, U) Depleted Dark Surface (F7) Very Shallow Dark Surface (TF12)

Hydrogen Sulfide (A4) Loamy Gleyed Matirx (F2) Piedmont Floodplain Soils (F19) (LRR P, S, T)

Stratified Layers (A5) Depleated Matrix (F3) Anomalous Bright Loamy Soils (F20) (MLRA 153B)

Histic Epipedon (A2) Thin Dark Surface (S9) (LRR S,T,U) 2 cm Muck (A10) (LRR S)

Black Histic (A3) Loamy Mucky Mineral (F1) (LRR O) Reduced Vertic (F18) (outside MLRA 150A, B)

*Type: C=Concentration, D=Depletion, RM=Reduced Matrix, MS=Masked Sand grains   **Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted) Indicators for Problematic Hydric Soils ***

Histosol (A1) Polyvalue Below Surface (S8) (LRR S, T,U) 1 cm Muck (A9) (LRR O)

100 Silty loam

% Color % Type* Texture Remarks

Sampling Point: DP-02

Matrix Redox Features

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

Site:

Applicant/Owner: Sampling Point: 

Landform: (hillslope, terrace, etc.): Slope %: 2

Subregion (LRR or MLRA): Lat. Long. Datum:

Are climatic/hydrologic conditions on the site typical for time of year? Yes No (If no, explain in the Remarks)

,Soil significantly disturbed?

,Soil naturally problematic?

Are Normal Circumstances Present? No (If needed, explain any answers in Remarks)

Yes No Is the Sampled Area within a Wetland?

Yes No Yes X No

Yes No

X

X

X

X

X

Field Observations:

Surface Water Present? Yes No Wetland Hydrology Present?

Water Table Present? Yes No Yes X No

Yes No

Remarks:

The field surveys were conducted Sept 30 and Oct 1, 2019 during a period in which the region had received significantly lower than normal seasonal rainfall amounts 
for the September month-to-date (a -3.87" deficiency from a 4.03" normal value). The observed Year-to-Date amount was 27.25" which is a -4.63" deficeit according 
to the National Weather Service BWI Airport weather station.  The day of survey a Trace amount of rainfall was recorded. Considering the recent precipation and 
monthly deficient, the delineators felt that surface hydrology was not influenced by stormwater and that the seasonally dry conditions were pronounced.  Evidence of 
the significant dry conditions were observed within the southwestern sediment basin that was completely dry, whereas available historical imagery shows the basin 
as typically innundated.  A review of regional drought conditions from the website droughtmonitor.gov indicated Moderate Drought conditions (D01) existed for 
Baltimore City for the week of Oct 1, 2019.

Primary hydrology of the site is frequent backwater ponding from the adjacent site.

(includes capillary fringe)

Describe Recorded Data (stream guage, monitoring well, aerial photos, previous inspections), if available:

X Depth (inches):

Saturation Present? X Depth (inches):

Water Stained Leaves (B9)
Sphagnum moss (D8) (LRR T, U)

X Depth (inches):

Inundation Visible on Aerial 
Imagery (B7)

Shallow Aquitard (D3)

FAC-Neutral Test (D5)

Algal Mat or Crust (B4) Thin Muck Surface (C7) Saturation Visible on Aerial Imagery (C9)

Iron Deposits (B5) Other (Explain in Remarks) Geomorphic Position (D2)

Sediment Deposits (B2) Presence of Reduced Iron (C4) Dry-Season Water Table (C2)

Drift Deposits (B3) Recent Iron Reduction in Tilled Soil (C6) Crayfish Burrows (C8)

Saturation (A3) Hydrogen Sulfide Odor (C1) Drainage Patterns (B10)

Water Marks (B1) Oxidized Rhizospheres on Living Roots (C3) Moss Trim Lines (B16)

Primary Indicators (minimum of one is require; check all that apply) Secondary Indicators (minimum of two required)

Surface Water (A1) Aquatic Fauna (B13) Surface Soil Cracks (B6)

High Water Table (A2) Marl Deposits (B15) (LRR U) Sparsely Vegetated Concave Surface (B8)

Remarks:

Shallow flat, hydrology from adjacent ponding located outside the perimeter fence.   See Hydrology Section for Climatic conditions.

HYDROLOGY

Wetland Hydrology Indicators:

Hydric Soil Present? X

Wetland Hydrology Present? X

Yes X

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present? X

X

Are Vegetation ,or Hydrology

Are Vegetation ,or Hydrology X

LRR: S , MLRA:149A 39.1999890 -76.545378 WGS 1984

Soil Map Unit Name: Beltsville-Urban land complex, 0 to 8 percent slopes NWI Classification: none

Investigator(s): A. Mathes, C. Black Section, Township, Range: N/A

Ponding Local relief (concave, convex, none): concave

Hawkins Point Plant Landfill Property City/County: Baltimore City Sampling Date: 10/1/2019

Tronox Limited State: MD DP-03

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

Plot size: r=30'

1.

2.

3. (A)

4.

5. (B)

6.

7. (A/B)

= Total Cover Prevalence Index Worksheet

6

Plot size: r=30' x 1 32

1. x 2 210

2. x 3 6

3. x 4 0

4. x 5 0

5. (A) 248 (B)

6. 1.8 (B/A)

7. Hydrophytic Vegetation Indicators:

8. 1 - Rapid Test for Hydrophytic Vegetation

9. x 2 - Dominance Test is >50%

= Total Cover x 3 - Prevalence Index is <3.0*

0

Plot size: r=30'

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

= Total Cover

21.8

Woody Vine Stratum Plot size: r=30'

1.

2. No

3.

4.

5.

= Total Cover

0

Remarks:  (if observed, list morphological adaptations below). 

0

50% of total Cover: 0 20% of Total Cover:

  

 

 

 Yes X

Woody Vine - All woody vines greater than 3.28 ft in height.
109

50% of total Cover: 54.5 20% of Total Cover:

 Hydrophytic Vegetation Present?

 

 

Sapling/Shrub - Woody plants, excluding vines, less than 3 in. DBH 
and greater than or equal to 3.28 ft (1m) tall.  

 Herb - All herbaceous (non-woody) plants, regardless of size, and 
woody plants less than 3.28 ft tall.  

Salix nigra 2 N OBL

 

Bidens frondosa 5 N FACW Definitions of Four Vegetation Strata:

Liquidambar styraciflua 2 N FAC Tree - Woody plants, excluding vines, 3 in. (7.6cm) or more in 
diameter at breast height (DBH), regardless of height.

Onoclea sensibilis 5 N FACW

Boehmeria cylindrica 5 N FACW

Herb Stratum  *Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic

Phragmites australis 90 Y FACW

0

50% of total Cover: 0 20% of Total Cover: Problematic Hydrophytic Vegetation* (Explain)

 

  

 Prevalence Index:

 

 Column Total 139

 UPL species 0

 FACU species 0

 FAC species 2

 FACW species 105

50% of total Cover: 15 20% of Total Cover: Total % cover of: Multiply by:

Sapling/Shrub Stratum  OBL species 32

100% 

30

2 

 Percent of dominant species that are 
OBL, FACW, or FAC:

2 

 Total number of dominant species 
across all strata:

Salix nigra 30 Y OBL

 Number of dominant species that are 
OBL, FACW, or FAC:

VEGETATION (Four Strata) - Use scientific names of plants Sampling Point: DP-03

Tree Stratum  
Absolute 
% Cover

Dominant 
Species? Indicator Status

Dominance Test Worksheet

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

SOIL

Profile Description:  (Describe to depth needed to document the indicator or confirm absence of indicators.)

Depth

(inches) Color Loc**

0-4 7.5YR 3/2 M

4-12 5YR 6/4 M

X

Restrictive Layer (if observed)

Yes No

Remarks:  

Type:

Depth (inches): Hydric Soil Present? X

Sandy Redox (S5) Piedmont Floodplain Soils (F19) (MLRA 149A)

Stripped Matrix (S6) Anomalous Bright Loamy Soils (F20) (MLRA 
149A, 153C, 153D)Dark Surface (S7) (LRR P, S, T, U)

Coast Prairie Redox (A16) (MLRA 150A) Umbric Surface (F13) (LRR P, T, U)

Sandy Mucky Mineral (S1) (LRR O, S) Delta Ochric (F17) (MLRA 151)

Sandy Gleyed Matrix (S4) Reduced Vertic (F18) (MRLA 150A, 150B)

Muck Presence (A8) (LRR U) Redox Depressions (F8) Other (Explain in Remarks)

1 cm Muck (A9) (LRR P, T) Marl (F10) (LRR U)

 *** Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 

problematic.

Depleted Below Dark Surface (A11) Depleted Ochric (F11) (MLRA 151)

Thick Dark Surface (A12) Iron-Manganese Masses (F12) (LRR O, P, T)

Organic Bodies (A6) (LRR P, T, U) Redox Dark Surface (F6) Red Parent Material (TF2)

5 cm Mucky Mineral (A7) (LRR P, T, U) Depleted Dark Surface (F7) Very Shallow Dark Surface (TF12)

Hydrogen Sulfide (A4) Loamy Gleyed Matirx (F2) Piedmont Floodplain Soils (F19) (LRR P, S, T)

Stratified Layers (A5) Depleated Matrix (F3) Anomalous Bright Loamy Soils (F20) (MLRA 153B)

Histic Epipedon (A2) Thin Dark Surface (S9) (LRR S,T,U) 2 cm Muck (A10) (LRR S)

Black Histic (A3) Loamy Mucky Mineral (F1) (LRR O) Reduced Vertic (F18) (outside MLRA 150A, B)

*Type: C=Concentration, D=Depletion, RM=Reduced Matrix, MS=Masked Sand grains   **Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted) Indicators for Problematic Hydric Soils ***

Histosol (A1) Polyvalue Below Surface (S8) (LRR S, T,U) 1 cm Muck (A9) (LRR O)

90 5YR 5/6 10 C Loamy sand clay inclusions 

80 7.5YR 4/6 20 C Loamy sand high organic content 

% Color % Type* Texture Remarks

Sampling Point: DP-03

Matrix Redox Features

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

Site:

Applicant/Owner: Sampling Point: 

Landform: (hillslope, terrace, etc.): Slope %: 3

Subregion (LRR or MLRA): Lat. Long. Datum:

Are climatic/hydrologic conditions on the site typical for time of year? Yes No (If no, explain in the Remarks)

,Soil significantly disturbed?

,Soil naturally problematic?

Are Normal Circumstances Present? No (If needed, explain any answers in Remarks)

Yes No Is the Sampled Area within a Wetland?

Yes No Yes No

Yes No

Field Observations:

Surface Water Present? Yes No Wetland Hydrology Present?

Water Table Present? Yes No Yes No X

Yes No

Remarks:

The field surveys were conducted Sept 30 and Oct 1, 2019 during a period in which the region had received significantly lower than normal seasonal rainfall amounts 
for the September month-to-date (a -3.87" deficiency from a 4.03" normal value). The observed Year-to-Date amount was 27.25" which is a -4.63" deficeit according 
to the National Weather Service BWI Airport weather station.  The day of survey a Trace amount of rainfall was recorded. Considering the recent precipation and 
monthly deficient, the delineators felt that surface hydrology was not influenced by stormwater and that the seasonally dry conditions were pronounced.  Evidence of 
the significant dry conditions were observed within the southwestern sediment basin that was completely dry, whereas available historical imagery shows the basin 
as typically innundated.  A review of regional drought conditions from the website droughtmonitor.gov indicated Moderate Drought conditions (D01) existed for 
Baltimore City for the week of Oct 1, 2019.

(includes capillary fringe)

Describe Recorded Data (stream guage, monitoring well, aerial photos, previous inspections), if available:

X Depth (inches):

Saturation Present? X Depth (inches):

Water Stained Leaves (B9)
Sphagnum moss (D8) (LRR T, U)

X Depth (inches):

Inundation Visible on Aerial 
Imagery (B7)

Shallow Aquitard (D3)

FAC-Neutral Test (D5)

Algal Mat or Crust (B4) Thin Muck Surface (C7) Saturation Visible on Aerial Imagery (C9)

Iron Deposits (B5) Other (Explain in Remarks) Geomorphic Position (D2)

Sediment Deposits (B2) Presence of Reduced Iron (C4) Dry-Season Water Table (C2)

Drift Deposits (B3) Recent Iron Reduction in Tilled Soil (C6) Crayfish Burrows (C8)

Saturation (A3) Hydrogen Sulfide Odor (C1) Drainage Patterns (B10)

Water Marks (B1) Oxidized Rhizospheres on Living Roots (C3) Moss Trim Lines (B16)

Primary Indicators (minimum of one is require; check all that apply) Secondary Indicators (minimum of two required)

Surface Water (A1) Aquatic Fauna (B13) Surface Soil Cracks (B6)

High Water Table (A2) Marl Deposits (B15) (LRR U) Sparsely Vegetated Concave Surface (B8)

Remarks:

Likely a former rubble stockpile located adjacent to wetland.  Large cobble rock spread throughout area.   See Hydrology Section for Climatic conditions.

HYDROLOGY

Wetland Hydrology Indicators:

Hydric Soil Present? X X

Wetland Hydrology Present? X

Yes X

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present? X

X

Are Vegetation ,or Hydrology

Are Vegetation ,or Hydrology X

LRR: S , MLRA:149A 39.2000140 -76.545444 WGS 1984

Soil Map Unit Name: Beltsville-Urban land complex, 0 to 8 percent slopes NWI Classification: none

Investigator(s): A. Mathes, C. Black Section, Township, Range: N/A

Slope Local relief (concave, convex, none): convex

Hawkins Point Plant Landfill Property City/County: Baltimore City Sampling Date: 10/1/2019

Tronox Limited State: MD DP-04

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

Plot size: r=30'

1.

2.

3. (A)

4.

5. (B)

6.

7. (A/B)

= Total Cover Prevalence Index Worksheet

24

Plot size: r=30' x 1 0

1. x 2 0

2. x 3 381

3. x 4 80

4. x 5 50

5. (A) 511 (B)

6. 3.3 (B/A)

7. Hydrophytic Vegetation Indicators:

8. 1 - Rapid Test for Hydrophytic Vegetation

9. x 2 - Dominance Test is >50%

= Total Cover 3 - Prevalence Index is <3.0*

0

Plot size: r=30'

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

= Total Cover

5.4

Woody Vine Stratum Plot size: r=30'

1.

2. No

3.

4.

5.

= Total Cover

2

Remarks:  (if observed, list morphological adaptations below). 

10

50% of total Cover: 5 20% of Total Cover:

  

 

 

 Yes X

Woody Vine - All woody vines greater than 3.28 ft in height.
27

50% of total Cover: 13.5 20% of Total Cover:

Smilax rotundifolia 10 Y FAC Hydrophytic Vegetation Present?

 

 

Sapling/Shrub - Woody plants, excluding vines, less than 3 in. DBH 
and greater than or equal to 3.28 ft (1m) tall.  

 Herb - All herbaceous (non-woody) plants, regardless of size, and 
woody plants less than 3.28 ft tall.  

 

 

Elymus canadensis 2 N FAC Definitions of Four Vegetation Strata:

 Tree - Woody plants, excluding vines, 3 in. (7.6cm) or more in 
diameter at breast height (DBH), regardless of height.

Solidago canadensis 10 Y FACU

Rubus pensilvanicus 5 N FAC

Herb Stratum  *Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic

Lonicera japonica 10 Y FACU

0

50% of total Cover: 0 20% of Total Cover: Problematic Hydrophytic Vegetation* (Explain)

 

  

 Prevalence Index:

 

 Column Total 157

 UPL species 10

 FACU species 20

 FAC species 127

 FACW species 0

50% of total Cover: 60 20% of Total Cover: Total % cover of: Multiply by:

Sapling/Shrub Stratum  OBL species 0

60% 

120

5Robinia pseudoacacia 10 N UPL

 Percent of dominant species that are 
OBL, FACW, or FAC:

3Nyssa sylvatica 20 N FAC

Frangula alnus 20 N FAC Total number of dominant species 
across all strata:

Liquidambar styraciflua 45 Y FAC

Acer rubrum 25 Y FAC Number of dominant species that are 
OBL, FACW, or FAC:

VEGETATION (Four Strata) - Use scientific names of plants Sampling Point: DP-04

Tree Stratum  
Absolute 
% Cover

Dominant 
Species? Indicator Status

Dominance Test Worksheet

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

SOIL

Profile Description:  (Describe to depth needed to document the indicator or confirm absence of indicators.)

Depth

(inches) Color Loc**

0-2 10YR 3/2

2-12 5YR 5/3

Restrictive Layer (if observed)

Yes No X

Remarks:  

Large aggregate intermixed

Type: Clay hardpan

Depth (inches): Hydric Soil Present?

Sandy Redox (S5) Piedmont Floodplain Soils (F19) (MLRA 149A)

Stripped Matrix (S6) Anomalous Bright Loamy Soils (F20) (MLRA 
149A, 153C, 153D)Dark Surface (S7) (LRR P, S, T, U)

Coast Prairie Redox (A16) (MLRA 150A) Umbric Surface (F13) (LRR P, T, U)

Sandy Mucky Mineral (S1) (LRR O, S) Delta Ochric (F17) (MLRA 151)

Sandy Gleyed Matrix (S4) Reduced Vertic (F18) (MRLA 150A, 150B)

Muck Presence (A8) (LRR U) Redox Depressions (F8) Other (Explain in Remarks)

1 cm Muck (A9) (LRR P, T) Marl (F10) (LRR U)

 *** Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 

problematic.

Depleted Below Dark Surface (A11) Depleted Ochric (F11) (MLRA 151)

Thick Dark Surface (A12) Iron-Manganese Masses (F12) (LRR O, P, T)

Organic Bodies (A6) (LRR P, T, U) Redox Dark Surface (F6) Red Parent Material (TF2)

5 cm Mucky Mineral (A7) (LRR P, T, U) Depleted Dark Surface (F7) Very Shallow Dark Surface (TF12)

Hydrogen Sulfide (A4) Loamy Gleyed Matirx (F2) Piedmont Floodplain Soils (F19) (LRR P, S, T)

Stratified Layers (A5) Depleated Matrix (F3) Anomalous Bright Loamy Soils (F20) (MLRA 153B)

Histic Epipedon (A2) Thin Dark Surface (S9) (LRR S,T,U) 2 cm Muck (A10) (LRR S)

Black Histic (A3) Loamy Mucky Mineral (F1) (LRR O) Reduced Vertic (F18) (outside MLRA 150A, B)

*Type: C=Concentration, D=Depletion, RM=Reduced Matrix, MS=Masked Sand grains   **Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted) Indicators for Problematic Hydric Soils ***

Histosol (A1) Polyvalue Below Surface (S8) (LRR S, T,U) 1 cm Muck (A9) (LRR O)

100 Sandy clay

100 Sandy loam

% Color % Type* Texture Remarks

Sampling Point: DP-04

Matrix Redox Features

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

Site:

Applicant/Owner: Sampling Point: 

Landform: (hillslope, terrace, etc.): Slope %: 1

Subregion (LRR or MLRA): Lat. Long. Datum:

Are climatic/hydrologic conditions on the site typical for time of year? Yes No (If no, explain in the Remarks)

,Soil significantly disturbed?

,Soil naturally problematic?

Are Normal Circumstances Present? No (If needed, explain any answers in Remarks)

Yes No Is the Sampled Area within a Wetland?

Yes No Yes X No

Yes No

X

X

X

X

Field Observations:

Surface Water Present? Yes No Wetland Hydrology Present?

Water Table Present? Yes No Yes X No

Yes No

Remarks:

The field surveys were conducted Sept 30 and Oct 1, 2019 during a period in which the region had received significantly lower than normal seasonal rainfall amounts 
for the September month-to-date (a -3.87" deficiency from a 4.03" normal value). The observed Year-to-Date amount was 27.25" which is a -4.63" deficeit according 
to the National Weather Service BWI Airport weather station.  The day of survey a Trace amount of rainfall was recorded. Considering the recent precipation and 
monthly deficient, the delineators felt that surface hydrology was not influenced by stormwater and that the seasonally dry conditions were pronounced.  Evidence of 
the significant dry conditions were observed within the southwestern sediment basin that was completely dry, whereas available historical imagery shows the basin 
as typically innundated.  A review of regional drought conditions from the website droughtmonitor.gov indicated Moderate Drought conditions (D01) existed for 
Baltimore City for the week of Oct 1, 2019.

Primary hydrology of the site is frequent discharge from the sediment basin and overbank flow from the perimeter ditch within the fenceline.

(includes capillary fringe)

Describe Recorded Data (stream guage, monitoring well, aerial photos, previous inspections), if available:

X Depth (inches):

Saturation Present? X Depth (inches):

Water Stained Leaves (B9)
Sphagnum moss (D8) (LRR T, U)

X Depth (inches):

Inundation Visible on Aerial 
Imagery (B7)

Shallow Aquitard (D3)

FAC-Neutral Test (D5)

Algal Mat or Crust (B4) Thin Muck Surface (C7) Saturation Visible on Aerial Imagery (C9)

Iron Deposits (B5) Other (Explain in Remarks) Geomorphic Position (D2)

Sediment Deposits (B2) Presence of Reduced Iron (C4) Dry-Season Water Table (C2)

Drift Deposits (B3) Recent Iron Reduction in Tilled Soil (C6) Crayfish Burrows (C8)

Saturation (A3) Hydrogen Sulfide Odor (C1) Drainage Patterns (B10)

Water Marks (B1) Oxidized Rhizospheres on Living Roots (C3) Moss Trim Lines (B16)

Primary Indicators (minimum of one is require; check all that apply) Secondary Indicators (minimum of two required)

Surface Water (A1) Aquatic Fauna (B13) Surface Soil Cracks (B6)

High Water Table (A2) Marl Deposits (B15) (LRR U) Sparsely Vegetated Concave Surface (B8)

Remarks:

Large, shallow enclosed basin that receives discharge from the upgradient sediment basin and overflow from the perimeter ditch located within the fenceline.  Site is 
heavily infested with non-native, invasive species Phragmites.  Powerline access road is elevated along the north and western perimeter of the wetland and causes 
an impoundment of the area.   See Hydrology Section for Climatic conditions

HYDROLOGY

Wetland Hydrology Indicators:

Hydric Soil Present? X

Wetland Hydrology Present? X

Yes X

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present? X

X

Are Vegetation X ,or Hydrology

Are Vegetation ,or Hydrology X

LRR: S , MLRA:149A 39.2015590 -76.546384 WGS 1984

Soil Map Unit Name: Udorthents, clayey, very deep, 0 to 15 percent slopes NWI Classification: none

Investigator(s): A. Mathes, C. Black Section, Township, Range: N/A

Ponding Local relief (concave, convex, none): concave

Hawkins Point Plant Landfill Property City/County: Baltimore City Sampling Date: 10/1/2019

Tronox Limited State: MD DP-05

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

Plot size: r=30'

1.

2.

3. (A)

4.

5. (B)

6.

7. (A/B)

= Total Cover Prevalence Index Worksheet

0

Plot size: r=30' x 1 0

1. x 2 190

2. x 3 36

3. x 4 0

4. x 5 0

5. (A) 226 (B)

6. 2.1 (B/A)

7. Hydrophytic Vegetation Indicators:

8. 1 - Rapid Test for Hydrophytic Vegetation

9. x 2 - Dominance Test is >50%

= Total Cover x 3 - Prevalence Index is <3.0*

2

Plot size: r=30'

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

= Total Cover

19.4

Woody Vine Stratum Plot size: r=30'

1.

2. No

3.

4.

5.

= Total Cover

0

Remarks:  (if observed, list morphological adaptations below). 

0

50% of total Cover: 0 20% of Total Cover:

  

 

 

 Yes X

Woody Vine - All woody vines greater than 3.28 ft in height.
97

50% of total Cover: 48.5 20% of Total Cover:

 Hydrophytic Vegetation Present?

 

 

Sapling/Shrub - Woody plants, excluding vines, less than 3 in. DBH 
and greater than or equal to 3.28 ft (1m) tall.  

 Herb - All herbaceous (non-woody) plants, regardless of size, and 
woody plants less than 3.28 ft tall.  

 

 

 Definitions of Four Vegetation Strata:

 Tree - Woody plants, excluding vines, 3 in. (7.6cm) or more in 
diameter at breast height (DBH), regardless of height.

Toxicodendron radicans 2 N FAC

 

Herb Stratum  *Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic

Phragmites australis 95 Y FACW

10

50% of total Cover: 5 20% of Total Cover: Problematic Hydrophytic Vegetation* (Explain)

 

  

 Prevalence Index:

 

 Column Total 107

 UPL species 0

 FACU species 0

 FAC species 12

Baccharis halimifolia 10 Y FAC FACW species 95

50% of total Cover: 0 20% of Total Cover: Total % cover of: Multiply by:

Sapling/Shrub Stratum  OBL species 0

100% 

0

2 

 Percent of dominant species that are 
OBL, FACW, or FAC:

2 

 Total number of dominant species 
across all strata:

 

 Number of dominant species that are 
OBL, FACW, or FAC:

VEGETATION (Four Strata) - Use scientific names of plants Sampling Point: DP-05

Tree Stratum  
Absolute 
% Cover

Dominant 
Species? Indicator Status

Dominance Test Worksheet

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

SOIL

Profile Description:  (Describe to depth needed to document the indicator or confirm absence of indicators.)

Depth

(inches) Color Loc**

0-3 10YR 3/2 Pl

4-6 10YR 3/3

6-14 2.5Y 4/4 Pl

X

Restrictive Layer (if observed)

Yes No

Remarks:  

Type: Clay

Depth (inches): 14" Hydric Soil Present? X

Sandy Redox (S5) Piedmont Floodplain Soils (F19) (MLRA 149A)

Stripped Matrix (S6) Anomalous Bright Loamy Soils (F20) (MLRA 
149A, 153C, 153D)Dark Surface (S7) (LRR P, S, T, U)

Coast Prairie Redox (A16) (MLRA 150A) Umbric Surface (F13) (LRR P, T, U)

Sandy Mucky Mineral (S1) (LRR O, S) Delta Ochric (F17) (MLRA 151)

Sandy Gleyed Matrix (S4) Reduced Vertic (F18) (MRLA 150A, 150B)

Muck Presence (A8) (LRR U) Redox Depressions (F8) Other (Explain in Remarks)

1 cm Muck (A9) (LRR P, T) Marl (F10) (LRR U)

 *** Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 

problematic.

Depleted Below Dark Surface (A11) Depleted Ochric (F11) (MLRA 151)

Thick Dark Surface (A12) Iron-Manganese Masses (F12) (LRR O, P, T)

Organic Bodies (A6) (LRR P, T, U) Redox Dark Surface (F6) Red Parent Material (TF2)

5 cm Mucky Mineral (A7) (LRR P, T, U) Depleted Dark Surface (F7) Very Shallow Dark Surface (TF12)

Hydrogen Sulfide (A4) Loamy Gleyed Matirx (F2) Piedmont Floodplain Soils (F19) (LRR P, S, T)

Stratified Layers (A5) Depleated Matrix (F3) Anomalous Bright Loamy Soils (F20) (MLRA 153B)

Histic Epipedon (A2) Thin Dark Surface (S9) (LRR S,T,U) 2 cm Muck (A10) (LRR S)

Black Histic (A3) Loamy Mucky Mineral (F1) (LRR O) Reduced Vertic (F18) (outside MLRA 150A, B)

*Type: C=Concentration, D=Depletion, RM=Reduced Matrix, MS=Masked Sand grains   **Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted) Indicators for Problematic Hydric Soils ***

Histosol (A1) Polyvalue Below Surface (S8) (LRR S, T,U) 1 cm Muck (A9) (LRR O)

98 10YR 6/1 2 D Clay hardpan

100 Organic muck 

85 7.5YR 5/8 15 C Sandy loam

% Color % Type* Texture Remarks

Sampling Point: DP-05

Matrix Redox Features

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

Site:

Applicant/Owner: Sampling Point: 

Landform: (hillslope, terrace, etc.): Slope %: 2

Subregion (LRR or MLRA): Lat. Long. Datum:

Are climatic/hydrologic conditions on the site typical for time of year? Yes No (If no, explain in the Remarks)

,Soil significantly disturbed?

,Soil naturally problematic?

Are Normal Circumstances Present? No (If needed, explain any answers in Remarks)

Yes No Is the Sampled Area within a Wetland?

Yes No Yes No

Yes No

Field Observations:

Surface Water Present? Yes No Wetland Hydrology Present?

Water Table Present? Yes No Yes No X

Yes No

Remarks:

The field surveys were conducted Sept 30 and Oct 1, 2019 during a period in which the region had received significantly lower than normal seasonal rainfall amounts 
for the September month-to-date (a -3.87" deficiency from a 4.03" normal value). The observed Year-to-Date amount was 27.25" which is a -4.63" deficeit according 
to the National Weather Service BWI Airport weather station.  The day of survey a Trace amount of rainfall was recorded. Considering the recent precipation and 
monthly deficient, the delineators felt that surface hydrology was not influenced by stormwater and that the seasonally dry conditions were pronounced.  Evidence of 
the significant dry conditions were observed within the southwestern sediment basin that was completely dry, whereas available historical imagery shows the basin 
as typically innundated.  A review of regional drought conditions from the website droughtmonitor.gov indicated Moderate Drought conditions (D01) existed for 
Baltimore City for the week of Oct 1, 2019.

(includes capillary fringe)

Describe Recorded Data (stream guage, monitoring well, aerial photos, previous inspections), if available:

X Depth (inches):

Saturation Present? X Depth (inches):

Water Stained Leaves (B9)
Sphagnum moss (D8) (LRR T, U)

X Depth (inches):

Inundation Visible on Aerial 
Imagery (B7)

Shallow Aquitard (D3)

FAC-Neutral Test (D5)

Algal Mat or Crust (B4) Thin Muck Surface (C7) Saturation Visible on Aerial Imagery (C9)

Iron Deposits (B5) Other (Explain in Remarks) Geomorphic Position (D2)

Sediment Deposits (B2) Presence of Reduced Iron (C4) Dry-Season Water Table (C2)

Drift Deposits (B3) Recent Iron Reduction in Tilled Soil (C6) Crayfish Burrows (C8)

Saturation (A3) Hydrogen Sulfide Odor (C1) Drainage Patterns (B10)

Water Marks (B1) Oxidized Rhizospheres on Living Roots (C3) Moss Trim Lines (B16)

Primary Indicators (minimum of one is require; check all that apply) Secondary Indicators (minimum of two required)

Surface Water (A1) Aquatic Fauna (B13) Surface Soil Cracks (B6)

High Water Table (A2) Marl Deposits (B15) (LRR U) Sparsely Vegetated Concave Surface (B8)

Remarks:

Data point located along the roadside of the unpaved powerline access road adjacent to the railroad tracks.  The road causes an impoundment of the wetland.   See 
Hydrology Section for Climatic conditions.

HYDROLOGY

Wetland Hydrology Indicators:

Hydric Soil Present?

Wetland Hydrology Present?

Yes X

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present?

X

Are Vegetation ,or Hydrology

Are Vegetation ,or Hydrology X

LRR: S , MLRA:149A 39.2025320 -76.547645 WGS 1984

Soil Map Unit Name: Udorthents, clayey, very deep, 0 to 15 percent slopes NWI Classification: none

Investigator(s): A. Mathes, C. Black Section, Township, Range: N/A

Slope Local relief (concave, convex, none): convex

Hawkins Point Plant Landfill Property City/County: Baltimore City Sampling Date: 10/1/2019

Tronox Limited State: MD DP-06

US Army Corps of Engineers Atlantic and Gulf Coastal Plain Region – Version 2.0



WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

Plot size: r=30'

1.

2.

3. (A)

4.

5. (B)

6.

7. (A/B)

= Total Cover Prevalence Index Worksheet

0

Plot size: r=30' x 1 0

1. x 2 0

2. x 3 0

3. x 4 320

4. x 5 0

5. (A) 320 (B)

6. 4.0 (B/A)

7. Hydrophytic Vegetation Indicators:

8. 1 - Rapid Test for Hydrophytic Vegetation

9. 2 - Dominance Test is >50%

= Total Cover 3 - Prevalence Index is <3.0*

0

Plot size: r=30'

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

= Total Cover

16

Woody Vine Stratum Plot size: r=30'

1.

2. No X

3.

4.

5.

= Total Cover

0

Remarks:  (if observed, list morphological adaptations below). 

0

50% of total Cover: 0 20% of Total Cover:

  

 

 

 Yes

Woody Vine - All woody vines greater than 3.28 ft in height.
80

50% of total Cover: 40 20% of Total Cover:

 Hydrophytic Vegetation Present?

 

 

Sapling/Shrub - Woody plants, excluding vines, less than 3 in. DBH 
and greater than or equal to 3.28 ft (1m) tall.  

 Herb - All herbaceous (non-woody) plants, regardless of size, and 
woody plants less than 3.28 ft tall.  

 

 

 Definitions of Four Vegetation Strata:

 Tree - Woody plants, excluding vines, 3 in. (7.6cm) or more in 
diameter at breast height (DBH), regardless of height.

Solidago canadensis 10 N FACU

Sorghum halepense 10 N FACU

Herb Stratum  *Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic

Cynodon dactylon 60 Y FACU

0

50% of total Cover: 0 20% of Total Cover: Problematic Hydrophytic Vegetation* (Explain)

 

  

 Prevalence Index:

 

 Column Total 80

 UPL species 0

 FACU species 80

 FAC species 0

 FACW species 0

50% of total Cover: 0 20% of Total Cover: Total % cover of: Multiply by:

Sapling/Shrub Stratum  OBL species 0

0% 

0

1 

 Percent of dominant species that are 
OBL, FACW, or FAC:

0 

 Total number of dominant species 
across all strata:

 

 Number of dominant species that are 
OBL, FACW, or FAC:

VEGETATION (Four Strata) - Use scientific names of plants Sampling Point: DP-06

Tree Stratum  
Absolute 
% Cover

Dominant 
Species? Indicator Status

Dominance Test Worksheet
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WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region

SOIL

Profile Description:  (Describe to depth needed to document the indicator or confirm absence of indicators.)

Depth

(inches) Color Loc**

0-12 7.5YR 5/3

Restrictive Layer (if observed)

Yes No X

Remarks:  

Type:

Depth (inches): Hydric Soil Present?

Sandy Redox (S5) Piedmont Floodplain Soils (F19) (MLRA 149A)

Stripped Matrix (S6) Anomalous Bright Loamy Soils (F20) (MLRA 
149A, 153C, 153D)Dark Surface (S7) (LRR P, S, T, U)

Coast Prairie Redox (A16) (MLRA 150A) Umbric Surface (F13) (LRR P, T, U)

Sandy Mucky Mineral (S1) (LRR O, S) Delta Ochric (F17) (MLRA 151)

Sandy Gleyed Matrix (S4) Reduced Vertic (F18) (MRLA 150A, 150B)

Muck Presence (A8) (LRR U) Redox Depressions (F8) Other (Explain in Remarks)

1 cm Muck (A9) (LRR P, T) Marl (F10) (LRR U)

 *** Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 

problematic.

Depleted Below Dark Surface (A11) Depleted Ochric (F11) (MLRA 151)

Thick Dark Surface (A12) Iron-Manganese Masses (F12) (LRR O, P, T)

Organic Bodies (A6) (LRR P, T, U) Redox Dark Surface (F6) Red Parent Material (TF2)

5 cm Mucky Mineral (A7) (LRR P, T, U) Depleted Dark Surface (F7) Very Shallow Dark Surface (TF12)

Hydrogen Sulfide (A4) Loamy Gleyed Matirx (F2) Piedmont Floodplain Soils (F19) (LRR P, S, T)

Stratified Layers (A5) Depleated Matrix (F3) Anomalous Bright Loamy Soils (F20) (MLRA 153B)

Histic Epipedon (A2) Thin Dark Surface (S9) (LRR S,T,U) 2 cm Muck (A10) (LRR S)

Black Histic (A3) Loamy Mucky Mineral (F1) (LRR O) Reduced Vertic (F18) (outside MLRA 150A, B)

*Type: C=Concentration, D=Depletion, RM=Reduced Matrix, MS=Masked Sand grains   **Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted) Indicators for Problematic Hydric Soils ***

Histosol (A1) Polyvalue Below Surface (S8) (LRR S, T,U) 1 cm Muck (A9) (LRR O)

100

% Color % Type* Texture Remarks

Sampling Point: DP-06

Matrix Redox Features
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EXECUTIVE SUMMARY 

EA Engineering, Science, and Technology, Inc., PBC was contracted by the Maryland Port 
Administration (MPA) to conduct a Phase II Environmental Site Assessment (ESA) of the 
Cristal USA Facility on Fort Armistead Road in Baltimore, Maryland (the Site). From 
approximately 1954 to 2011, the Site was used for the manufacturing of titanium dioxide and 
other titanium chemicals. Currently the property consists of approximately 178 acres of land that 
is zoned M-3 General Manufacturer and OS-Open Space District. Although the majority of 
manufacturing structures have been demolished, numerous buildings and four treatment/storage 
basins remain on the Site, along with a 30-acre solid waste landfill. The majority of the Site (140 
acres) is located in Baltimore City, and the remaining 38 acres are located in Anne Arundel 
County,just south of the Baltimore City boundary. The Site is bordered by Fort Armistead Road 
and Fort Armistead Park to the north, the MP A-owned Cox Creek uplands to the south, industrial 
land use to the west. and the Patapsco River to the east. It should be noted that Kemira Water 
Solutions (Kemira) operates within approximately IO acres of the central portion of the Site; the 
Kemira Site parcel is not included as part of this investigation. 

The Phase II ESA evaluated soil, groundwater. sediment, and surface water sample data 
collected from the Site. The goal of this investigation is to evaluate the potential for the 
historical Site uses to have impacted the environmental integrity of soil and groundwater at the 
Site, to further evaluate areas of previously identified suspect conditions, and to provide Site
wide comprehensive characterization data. Information obtained as part of this investigation is 
intended to support efforts associated with the expansion of the adjoining Cox Creek Dredged 
Material Containment Facility (DMCF) and to support potential future use(s) of the Site by 
MPA. 

Shallow and subsurface soil samples and/or groundwater samples were collected from four 
identified upland Areas of Concern (AOCs) including the Former Titanium Ore Storage area, the 
Spent Solvent Storage area, the Primary/Secondary Waste Acid Neutralization area and the 
Landfill area. A similar approach was implemented to characterize Site-wide locations in the 
upland areas of the Site, which were divided into four additional areas (Northwest Upland, West
Central Upland, East-Central Upland, and South Upland). Results from analyses of the samples 
collected from the AOC areas and Site-wide locations identified elevated concentrations of 
metals, polycyclic aromatic hydrocarbons (PAHs), total petroleum hydrocarbons (TPH)-diesel 
range organics (DRO), and dioxins/furans in soil and groundwater in certain areas of the Site. 
The pH of soils, which in some areas has been altered by historical Site operations, varied across 
the Site and with depth, in the range of 2.4 to I 1. 9, and was generally lower at depth. Soils with 
pHs below 3.5 occurred in the subsurface of the Primary Waste Acid Neutralization/Secondary 
Waste Acid Neutralization (PW AN/SW AN) area and at three scattered locations in the central 
portion of the Site near the treatment/storage basins. Radiation surveys and radioactive isotope 
analysis of soils from the Former Titanium Ore Storage area indicated residual radioactivity 
generally consistent with natural background levels. 

Additionally, shallow and subsurface soil, surface sediment, and surface water samples were 
collected from the four treatment/storage basins (Batch Attack, Upper Settling. Middle Settling, 
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and Lower Settling), which were also identified as AOCs. Sediments and soils in the basins are 
thought to consist primarily of waste byproducts from titanium dioxide manufacturing. As a 
result of an underground leak discovered in the Batch Attack Basin in 1981, an Administrative 
Consent Order was signed in 1984 requiring low pH leachate to be returned to the lagoon for 
additional treatment Results from analyses of these samples identified elevated concentrations 
of metals and dioxins/furans in soil and sediment from the basins. Surface water also contained 
metals at slightly elevated concentrations. The pH of sediment samples collected was generally 
neutral to alkaline, with a few samples having pH below 5; however, results of a separate 
analysis of deep sediments in the Batch Attack and Lower Settling Basins, conducted by TRC 
Companies, Inc. (TRC) on behalf of Cristal, indicate that low-pH sediments are present at 
various depths. 

In addition to the analyses of discrete samples from the uplands and the basins, analysis of 
dioxins and furans was performed on soil samples from three discrete Site-wide locations, four 
composite soil samples from the areas of the landfill, and one composite soil sample from each 
of the other AOCs. Eighteen groundwater and three surface water samples were also analyzed 
for dioxins and furans. 

A human health risk evaluation was performed on the soil and sediment data, to determine 
attainment for analytes in comparison to the Maryland Department of the Environment (MDE) 
Non-Residential Soil Cleanup Standards. Non-residential criteria are consistent with current Site 
use and zoning. and also with the anticipated land use as part of the proposed expanded Cox 
Creek DMCF. MDE has identified a remedial action level of 10-5 for carcinogenic risk. and a 
threshold hazard index (HI) of 1.0 for non-carcinogenic risk. Overall the reported concentrations 
in soil do not represent a significant human health risk to construction/ maintenance workers. 
who are identified as the primary receptors: however, isolated areas of impact and potential risk 
were observed. Specific areas of risk and other concerns are noted below: 

• In the PW AN/SWAN area, elevated concentrations of metals (primarily arsenic and 
antimony) in shallow and subsurface soil drive both carcinogenic and non-cancer risks 
exceeding the MDE remedial action level of I 0-5 and the non-cancer threshold HI of 1.0. 
Soil pH in this area was highly variable, ranging from 2.48 to 9.30, with generally more 
acidic soils in the subsurface. 

• The PW AN/SW AN area also had one reported lead concentration exceeding the MDE 
Non-Residential Cleanup Standard. and toxicity characteristic leaching procedure 
(TCLP) analysis of this sample indicated that the lead may be leachable and therefore 
potentially mobile. TCLP results from the Former Titanium Ore Storage area also 
indicated potentially mobile lead. 

• In the East-Central Upland area, PAHs in surface soil, primarily at location SB-44, drive 
carcinogenic risks exceeding the MDE remedial action level of I 0·5

_ TPH-DRO 
exceeding the MDE Non-Residential Cleanup Standard was also reported in surface soil 
from location SB-44. 
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• Vanadium drives non-cancer risks exceeding the acceptable threshold HI of 1.0 in surface 
and/or subsurface soil and sediment from the West-Central and South Upland areas, as 
well as the four basins (Batch Attack, Upper Settling, Middle Settling, and Lower 
Settling), Manganese is also a secondary, but substantial, contributor to risk in the 
Middle Settling Basin. Although vanadium concentrations were not reported for the TRC 
sediment cores from the Batch Attack Basin and Lower Settling Basin, overall 
concentrations of other metals in that dataset are of similar magnitude. 

• In addition to location SB-44, TPH-ORO was present in soil at concentrations exceeding 
the MOE Non-Residential Cleanup Standard at one location in the Spent Solvent Storage 
area, and at two sample locations in the West-Central Upland area. Soil at these locations 
may have been impacted by nearby historical underground storage tanks and the presence 
of previously unknown oil/water separators. 

• Groundwater concentrations were not incorporated into the risk assessment because 
groundwater is not used as a potable water supply, and no such use is expected in the 
future. Many of the metals and PAHs that were reported at concentrations exceeding 
MOE Non-Residential Cleanup Standards in soil were also reported at concentrations 
exceeding the MOE Cleanup Standards in groundwater. A few isolated exceedances of 
other metals, other PAHs, volatile organic compounds. and non-PAH semivolatile 
organic compounds were also reported in groundwater, in addition to dioxins, as 
described in the next paragraph. The results do not indicate any widespread plumes of 
organic contaminants in Site groundwater. 

Dioxin and furan results from soil and groundwater analysis were also not incorporated into the 
risk assessment, due to the lack of a complete set of discrete, Site-wide data comparable to the 
data collected for other parameters. However, dioxins and furans are recognized byproducts of 
the chlorinators used in the chloride process for manufacturing titanium dioxide (USEPA 2001 ), 
and appear to be widespread in the Settling Basins that received waste products from the chloride 
process. Oioxin/furan results were used to calculate Toxic Equivalency Quotients (TEQs) for 
human exposure, which were compared to the United States Environmental Protection Agency 
Regional Screening Level (RSL) for Industrial Soil and Maximum Contaminant Level (MCL) 
for groundwater. This screening indicated that dioxins and furans in soil from the northern edge 
of the landfill (Area I), as well as sediments from the Upper, Middle. and Lower Settling Basins, 
pose a potential risk to human health. The TEQs for the Upper and Middle Settling Basins were 
more than 20 times the RSL. 

The Batch Attack Basin may contain dioxins/furans at lower concentrations because this basin 
received primarily sulfuric acid waste streams from the sulfate process (rather than the chloride 
process) for manufacturing titanium dioxide. The TEQs for groundwater from locations SB-53 
and SB-59, in the South Upland area. were 10-20 times the MCL; no soils from this area were 
analyzed for dioxins and furans. The primary dioxin concerns appear to be in the sediments of 
the basins, and in the groundwater and potentially the soils of the South Upland area, which is 
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adjacent to the Lower and Middle Settling Basins. Elevated concentrations of metals were 
reported in these same areas and media. Additional characterization could help to refine the risks 
associated with dioxins and furans in these areas. 

Table ES- I summarizes the risk evaluation findings and other concerns identified for each of the 
AOCs (upland and basins) and the upland areas sampled as part of Site-wide sampling. The 
Phase II Investigation and the TRC basin investigation results provide sufficient characterization 
information to identify and evaluate potential remedial alternatives associated with Site 
redevelopment as a DMCF. Due to the complex nature of the Site, the remedial options will be 
discussed with the development team to focus cost estimating efforts. 
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Table ES-I Summary of Phase II ESA Findings 
Human Health Risk Evaluation for 

Area Soil/Sediment<•J Other Concerns 

Upla!ld Areas of Concern/Focus Areas 
Former Titanium Ore 

No risk concerns 
Leachable lead at hazardous waste levels 

Storae:e Area identified in one samnle 
TPH-DRO exceeded the MDE Non-Residential 

Spent Solvent Storage Area No risk concerns Cleanup Level in surface and subsurface soil 
from one location. 

Primary/Secondary Waste 
Risk exceeding action level/threshold, Leachable lead at hazardous waste levels 

Acid Neutralization Area 
driven by arsenic and antimony in identified in one sample 
surface and subsurface soil 

Landfill Area No risk concerns 
Dioxins exceeded the USEPA RSL in one 
comoosite sample of waste. 

Unland Site-Wide Samnlin• Grid 
Northwest U oland Area No risk concerns 

TPH-DRO exceeded the MDE Non-Residential 

West-Central Upland Area 
Risk exceeding threshold, driven by Cleanup Level in two samples from near a 
vanadium in subsurface soil former underground storage tank and an oi 1-

1 \Vater senarator. 
Risk exceeding action level, driven by TPH-DRO exceeded the MDE Non-Residential 

East-Central Upland Area PAHs in surface soil, primarily at one Cleanup Level in one sample, co-located with 

location PAHs. 

South Upland Area 
Risk exceeding threshold, driven by Dioxins exceeded the USEPA MCL in two 
vanadium in subsurface soil groundwater samples. 

Treatment/Storaue Basin Areas of Concern 
Risk exceeding threshold, driven by High concentrations of chromium, iron. and 

Upper Settling Basin vanadium in surface and subsurface manganese. Dioxins in sediment exceeded 
sediment and soil USEPA RSL. 

Risk exceeding threshold. driven by 
High concentrations of chromium, iron, and 

Middle Basin vanadium and manganese in sediment 
manganese. Dioxins in sediment exceeded 
USEPA RSL. 

Risk exceeding threshold, driven by High concentrations of chromium, iron, and 

Lower Settling Basin vanadium in surface and subsurface manganese. Dioxins in sediment exceeded 
sediment and soil USEPA RSL. 

Currently under MDE Administrative Consent 

Risk exceeding threshold, driven by 
Order. Low pH material identified at depths 

Batch Attack Basin vanadium and manganese in sediment 
during another recent study. Groundwater 
remediation system in place to control low pH 

I water leaching from Site. 

(a) Results of screening-level human health risk evaluation. using MDE Non-Residential Cleanup Levels and based ?11 a 
construction/maintenance \Vorker exposure scenario. The MDE remedial action level for carcinogenic risk is I 0-\ and the 
threshold for non-carcinogenic risks is a hazard index of J .0. Risk assessment did not include dioxin results. 

NOTES: MCL C Maximum Contaminant Level. 
MDE C Mat)'land Department of the Environment. 
PAH C Polycyclic aromatic hydrocarbon. 
RSL C Regional Screening Level. 
TPH-DRO ~ Total Petroleum Hydrocarbons~Diesel Range Organics. 
USEPA ~ United States Environmental Protection Agency. 
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1. INTRODUCTION 

This Phase II Environmental Site Assessment (ESA) Report was prepared by EA Engineering, 
Science, and Technology, Inc., PBC (EA) for the Maryland Port Administration (MPA) for the 
Cristal USA Facility located at 3801 Fort Armistead Road in Baltimore, Maryland 21226 (the 
Site) (Figure 1-1). 

1.1 PURPOSE AND SCOPE 

The goal of this investigation is to evaluate the potential for the historical Site uses to have 
impacted the environmental integrity of soil and groundwater at the Site, to further evaluate areas 
of previously identified suspect conditions, and to provide Site-wide comprehensive 
characterization data. Information obtained as part of this investigation is intended to support 
efforts associated with the proposed expansion of the adjoining Cox Creek Dredged Material 
Containment Facility (DMCF) and to support potential future use(s) of the Site by MPA. 

This Phase II ESA Report provides a detailed synopsis of the results of soil, sediment, 
groundwater. and surface water sampling performed during this sampling event. lt also provides 
a screening against Maryland Department of the Environment (MOE) Generic Cleanup 
Standards (MOE 2008) and a statistical risk evaluation using MOE protocols. 
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The Site consists of five adjoining parcels of land totaling approximately 178 acres and is zoned 
M-3 General Manufacturer (Baltimore City) and OS-Open Space District (Anne Arundel 
County). The Site was acquired by Cristal USA from Millennium Inorganic Chemicals in 2007. 
From approximately 1954 to 2011, the Site was used for the manufacturing of titanium dioxide 
and other titanium chemicals. Although these manufacturing activities have ceased and the 
majority of manufacturing structures have been demolished, numerous buildings and 
treatment/storage lagoons remain on the Site, along with a 30-acre solid waste landfill. 

The majority of the Site (140 acres) is located in Baltimore City (Block 7006 and Lots 4 and 5) 
and the remaining 38 acres are located in Anne Arundel County (Map 6, Grid 8 and Parcels 
1,2,3), just south of the Baltimore City boundary (Figure 1-1 ). It should be noted that Kemira 
Water Solutions (Kemira) operates within approximately IO acres of the central portion of the 
Site; the Kemira Site parcel is not included as part of this investigation. The Site is bordered by 
Fort Armistead Road and Fort Armistead Park to the north, the MPA-owned Cox Creek upland 
to the south, industrial land use to the west, and the Patapsco River to the east. 

The Site is serviced by municipal water provided by Baltimore City with supplemental process 
water pumped from the Patapsco River. Based on a review of the December 2012 Phase I ESA 
completed for the Site by TM Engineering, Inc. (TME 2012). a permitted water supply well 
exists on the Site; however, the well was never commissioned. In addition, the Environmental 
Data Resources, lnc. Geocheck™ Physical Setting Source Summary, included in the 2012 Phase 
1 ESA, did not identify any potable water supply wells within a half-mile radius of the Site. 

2.2 ENVIRONMENT AL SETTING 

2.2.1 Topography 

According to the United States Geological Survey topographic map of Curtis Bay, Maryland 
( 1974), the Site is relatively flat with elevation ranging from 45 feet (ft) above mean sea level 
(AMSL) along the western Site boundary to approximately 3 ft AMSL along the eastern Site 
boundary. Note that this topographic map does not reflect the increased elevation of the landfill 
since 1974. Stormwater flow is discharged directly to the subsurface, is directed to settling 
basins located onsite, or is piped to the permitted outfall. The nearest surface water body, the 
Patapsco River, is situated approximately 200 ft east of the developed portion of the Site. The 
topography of the Site and surrounding area is illustrated in Figure 1-1 (Appendix A). 

2.2.2 Geology 

According to the Maryland Geologic Survey (MGS) 1976 Geologic Map of Baltimore County 
and City (MGS 1976), the Site lies within the Atlantic Coastal Plain Physiographic Province and 
is underlain by artificial fill and the Lower Cretaceous Potomac Group. Potomac Group 
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lithology at the Site consists of the clay and sand facies of the Patapsco Formation overlying the 
clay facies of the Arundel Clay. 

Artificial fill materials are characterized as: 

" ... heterogeneous materials such as: rock, unconsolidated sediment, slag, refuse, and 
dredge spoil.'' 

The clay facies of the Patapsco Formation is characterized as: 

"Typically buff, red-yellow and brown mottled kaolinitic clay. Variable amounts of 
quartz, sand and silt as pods and interbeds dispersed throughout the clay. Rare 
occurrences of irregular siderite concretions and lignitized plant remains. Rare laminated 
silt-clay couplets contain plant debris. Deposition is oxidized flood plain-mud flat 
environment is postulated." 

The sand facies of the Patapsco Formation is characterized as: 

"Well sorted, medium to fine grained quartz sand with locally abundant quartz gravel and 
clay clasts. Minimal clay-silt matrix in sand interstices. Sands are planar to high-angle 
cross-bedded and occasionally have fining upward sequences 3-5 meters thick. 
Ferruginous cements are typical as ledges at sand-clay boundaries, or as centimeter-sized 
spheroids and pods within the sand. Tourmaline and zircon with minor staurolite and 
rutile constitute the heavy mineral suite. Deposition in and around channels of low 
gradient streams." 

The clay facies of the Arundel Clay is characterized as: 

''Gray, brown. black and red kaolinitic and illitic clays with quartz silt locally interbedded 
with quartz sand lenses and pods. The clays are typically poorly bedded to massive with 
occasional color mottling. Sparse to abundant irregular siderite ledges or concretions and 
lignitized wood remains. Elsewhere parallel to cross-laminated silts and clays contain 
sparse to abundant fern, cycadioid, and conifer remains.'' 

Hydrogeological information derived from previous investigations (United States Environmental 
Protection Agency [USEPA] 1988) indicates the Patapsco Formation is about 250 ft thick at the 
Site. Underlying the Patapsco Formation, the Arundel Clay is reportedly 250 ft thick. An 
unconfined alluvial sand unit approximately equal to or near sea level has been identified as the 
uppermost aquifer in the eastern portion of the Site. This layer, 3 to 6 meters thick along the 
shoreline, thins to the west, and has an apparent hydraulic communication with the Patapsco 
River. Shallower water-bearing units may not be hydraulically connected to this uppermost 
aquifer. 

Cristal USA Facility Phase II Environmental Site Assessment Report 



EA Engineering, Science, and Technology, Inc., PBC 

2.2.3 Soils 

EA Project No.: 15061.06 
Version: FINAL 

Page 2-3 
June2015 

According to the United States Department of Agriculture Natural Resource Conservation 
Service Web Soil Survey, soil onsite is classified as Udorthents, loamy, with Oto 5 and 5 to 
15 percent slopes; Udorthents, loamy, very deep, with Oto 8 and 15 to 60 percent slopes; 
Udorthents, smoothed, with Oto 35 percent slopes; Sassafras, gravelly loam, with Oto 8 percent 
slopes; and Urban Land. The Udorthents. loamy soil type is characterized as a well-drained 
loam from O to 2 inches (in.) and a gravely loam from 2 to 72 in.; depth to the groundwater table 
is reported at 40 to 72 in. below ground surface (bgs). Sassafras, gravelly loam soil type is 
characterized as a well-drained gravelly loam from O to 35 in.; depth to the groundwater table is 
reported at 80 in. or more. Urban Land is defined as an area where more than 80 percent of the 
surface is covered by asphalt, concrete, buildings, or other impervious structures. 

2.3 SITE HISTORY 

Prior to development in the mid- I 950s, the United States Army Corps of Engineers (USACE) 
used the area of the present surface impoundment as a dredged material dewatering area. Circa 
1955. the Site was purchased from LSACE by the Glidden Company for development as a 
manufacturing and packaging facility for titanium dioxide and ancillary byproducts, including 
gypsum, coppers, and carbon dioxide. The plant was eventually operated as the SCM-Adrian 
Joyce Works and then became a part of Millennium Inorganic Chemicals. Ownership was 
transferred to Cristal Global, Inc. from Millennium Inorganic Chemicals in 2007. Manufacturing 
operations were halted in March 2009 and permanently suspended in August 2010. Currently, 
most Site structures have been demolished. 

In 1988, the USEPA Hazardous Waste Ground-Water Task Force issued a report, Evaluation ol 
SCM-Adrian Joyce Works, Baltimore, Maryland (USEPA 1988), evaluating the facility's 
regulatory compliance and the condition of onsite groundwater. According to this report, the 
plant historically operated two separate and distinct production process systems to manufacture 
titanium dioxide: the sulfate process and the chloride process. The chloride process qualified for 
a hazardous waste exclusion, but the sulfate process generated regulated hazardous waste. In the 
sulfate process, titanium ores were digested with sulfuric acid, resulting in the creation of a 
residual waste sludge, known as Batch Attack Mud, which was treated onsite and eventually 
shipped offsite for landfilling. and spent sulfuric waste streams, which were stored in the onsite 
Batch Attack Lagoon, also known as the Batch Attack Basin, prior to treatment in the primary 
waste acid neutralization (PWAN) and secondary waste acid neutralization (SWAN) systems. In 
1981, an underground leak of acidic wastewater was discovered in the Batch Attack Basin. and 
in I 984, a Consent Order was signed requiring the installation of a slurry wall and the 
installation of recovery wells to return captured leachate back to the lagoon. 

As part of this Phase II ESA, the Site has been subdivided into focused Areas of Concern 
(AOCs) based on historical use and/or unique environmental conditions (Figure 2-1 ). A 
summary of the historical background for each of the AOCs (or Focus Areas) is provided below. 
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2.3.1 Former Titanium Ore Storage Area (Focus Area A) 

Titanium ore naturally contains a certain degree of radioactivity. According to the TME Phase I 
ESA (TME 2012), the titanium ore storage areas, located in the southern portion of the Site, were 
periodically monitored and results indicated radiological activity consistent with background 
levels. The details regarding the monitoring are unknown and as such the areas of titanium ore 
storage were investigated for residual radioactivity. among other potential environmental 
concerns. 

2.3.2 Spent Solvent Storage Area (Focus Area B) 

Based on a review of the prior reports, a specific area of the Site was used for spent solvent 
storage; this area was determined to be located within the central portion of the Site, adjacent to 
the former Chemical Warehouse and an aboveground storage tank (AST) depot. It consists of an 
elevated concrete containment area that collected potential spills and meteoric water in a sump, 
then pumped the fluids into a filter vessel that reportedly gravity fed the liquids through filtration 
materials and discharged into the stormwater management system. The AST depot area 
currently consists of the remnants of the concrete tank support structures and a network of trench 
drains. 

2.3.3 PW AN/SW AN Area (Focus Area C) 

The Primary Waste Acid Neutralization /Secondary Waste Acid Neutralization (PW AN/SWAN) 
area. located in the northeastern portion of the Site. treated the acidic waste streams stored in the 
Batch Attack Basin and included numerous above ground tanks. some of which were present 
onsite at the time of the field investigation. 

2.3.4 Basin Areas 

Four unlined treatment/storage basins are present on the Site: the Batch Attack Basin, Upper 
Settling Basin. Middle Settling Basin, and Lower Settling Basin. The Middle Settling Basin has 
been in operation since 1970, and the other three basins have been in operation since 1955 
(USEPA 1988). As described above. the Batch Attack Basin received spent sulfuric acid waste 
streams classified as hazardous waste, prior to treatment in the PW AN/SWAN area. During the 
1980s, the Batch Attack Basin received approximately 1.4 million gallons of wastewater per day. 
The Upper Settling Basin received wastewaters from the chloride process. including non-contact 
cooling water, as well as neutralized weak acids from the sulfate process when the Batch Attack 
Basin was not available. From the Upper Settling Basin. the water flowed to the Lower Settling 
Basin. Although the area identified as the Lower Settling Basin during recent reconnaissance is 
approximately 10 acres, this basin was reported to cover 21.6 acres in the 1980s (US EPA 1988). 
Settled solids from the Lower Settling Basin were dredged and placed in the Middle Settling 
Basin; once dewatered sufficiently, the solids were then disposed in a landfill. 
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A 30-acre solid waste landfill is present in the southwestern portion of the Site. It is clay-lined 
and contains an operating leachate collection system. Authorized wastes included process waste 
from titanium dioxide production, solids from the settling basins and Batch Attack Basin, as well 
as brick, clay, and rubble from plant demolition. 

The volume and depth of the waste disposed of in the landfill is unknown. However, the original 
landfill design plans show the bottom elevation of the clay liner at elevations 10 ft AMSL and 
the adjacent elevation at approximately 40 ft AMSL, indicating an average depth of excavation 
of approximately 30 ft. The landfill was reportedly capped with 1 million cubic yards of clay 
material. Site reconnaissance indicated the landfill is comprised of four distinct areas: 

• Area 1 - Capped Waste Fill Area - this area was reportedly filled to grade with waste 
material and finished with a thin clay cap. 

• Area 2 - Uncapped Waste Fill Area - this area contains the stonnwater management 
pond and was reportedly filled with waste material to grade but was not capped. 

• Area 3 - Waste Fill with Clay Cap - this area was reportedly filled with waste material to 
grade and capped with clay up to an elevation of± 115 ft AMSL. 

• Area 4 - Waste Fill to 72 ft AMSL with Clay Cap-this area was reportedly filled with 
waste to elevation± 72 ft AMSL then capped with clay to an elevation of± 145 ft AMSL. 

2.4 FUTURE DEVELOPMENT 

The short-term future use of the Site is proposed for the expansion of the southeasterly adjoining 
Cox Creek DMCF operations onto the Site. The proposed future development will consist of 
demolition of all remaining Site buildings and building remnants and the potential excavation of 
up to 15 ft of existing soils across the Site to accommodate the placement of future dredged 
material based on environmental and geotechnical considerations. The excavated soils from the 
Site are being considered for use in building earthen berms along the DMCF boundaries. Long
term future Site use following the dredged material placement has not been confirmed. 

2.5 PRIOR ENVIRONMENTAL INVESTIGATIONS 

Environmental investigations of the Site and surrounding area date back to the 1980s and include 
groundwater sampling, remedial activities, and limited Phase I and II ESAs. A summary of the 
relevant prior Site investigations is provided below. 

2.5.1 Phase I Environmental Site Assessment 

In December 2012, TME conducted a Phase I ESA of the Site (TME 2012). At the time of the 
Phase I ESA, the Site was occupied as it is presently, with the majority of the Site vacant with 
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the exception of the active adjacent Kemira operations. The scope of work of the Phase I ESA 
consisted of a visual site inspection, historic records review, and state and federal regulatory 
records review. Based on the information available and reviewed as part of the Phase I ESA, the 
following environmental conditions were identified at the Site: 

• Leakage of sulfuric acid from the Batch Attack Lagoon on the Site occurred until the 
early 1980s when a subsurface cut-off wall and pumped recovery wells were installed 
under a Consent Order between SCM Chemicals (predecessor of Millennium Inorganic 
Chemicals) and MOE. Since residual acid is still being extracted, pumping of wells and 
treatment of effluent will continue indefinitely. 

• Formal closure plans for the Batch Attack Lagoon and the other impoundments on the 
Site should be assessed and updated given the plant demolition and post-demolition 
surface water discharges from the Site. 

• If any closure or re-use of the Batch Attack Lagoon, or any of the other impoundments on 
the Site, requires excavation of the sediments in the ponds. the sediments should be 
characterized by sampling and analytical testing. The results will assist in formulation of 
protocols for excavation and disposal of the spoils. 

• A survey of paved and non-paved surfaces should be conducted to test for lead and 
asbestos content in surface and near surface soil due to demolition of onsite buildings and 
facilities with known asbestos-containing materials and lead. 

• The site contained a number of underground storage tanks (US Ts) and AS Ts containing 
petroleum products. A survey of soil and near surface subsoil using off-gassing 
techniques should be conducted in the vicinity of former and existing petroleum product 
storage facilities (ASTs, USTs, and pads) to ensure no residual product remains. 

• Acids and caustics were used in the manufacturing processes and in treatment of 
wastewater. Conduct a pH survey of near surface soil in the vicinity of tanks, storage 
pads, and other areas of use of caustic and acid. Access to soil may require coring of 
paved surfaces. 

• Titanium ore used in manufacturing processes contained a certain degree of radioactivity. 
Ore yards ( current and past) and the ore shed area should be tested for radiological 
activity in soil and groundwater (as may be encountered during testing of soil). 

• An open coal stockpile existed near the Boiler House. Soil and groundwater in the coal 
stockpile area should be tested. 

• PW AN/SW AN area: Soil off-gassing testing should be performed in the area where a 
tank associated with the BOC carbon dioxide gas operation was removed and around the 
vehicle maintenance building. Test pH in soil and groundwater in areas of caustic and 
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acid storage/use. Check pH in soil and groundwater in the vicinity of the removed acid 
tank near the pier and in the aragonite field. 

• Random samples of surface soil should be checked in the vicinity of former stack 
locations to check for silica content. The rationale for the recommendation for surface 
soil sampling for silica was to evaluate the potential for particulate matter from historic 
air emissions to have settled in surface soil on the property. 

2.5.2 Evaluation of SCM-Adrian Joyce Works 

In April 1998, USEPA released an Update of the Hazardous Waste Groundwater Task Force 
report regarding the evaluation of the groundwater monitoring program at the SCM-Adrian Joyce 
Works, the Site occupants at the time (USEPA 1988). This update was prepared as a follow-up 
to an initial evaluation in 1996 regarding the construction and adequacy of a groundwater 
remediation system along the eastern portion of the Batch Attack Lagoon. The groundwater 
remediation system was designed and installed in 1984 following the release of acidic 
wastewater from the Batch Attack Lagoon. 

Specifically, due to the spent sulfuric acid stored in the Batch Attack Lagoon, the Site was 
identified as a hazardous waste treatment, storage, and disposal facility, and therefore a USEPA
approved groundwater monitoring program needed to be in place to determine if the hazardous 
waste was being maintained and stored properly. 

Between July and November 1984, following the release of sulfuric acid from the Batch Attack 
Lagoon to the Patapsco River. a slurry wall and a groundwater recovery and monitoring well 
system was installed along the eastern portion of the Batch Attack Lagoon. This well system 
replaced the prior monitoring well system. In June 1996, the Hazardous Waste Groundwater 
Task Force evaluated the adequacy of the groundwater monitoring program and whether the 
slurry wall and groundwater recovery wells were effective at containing the acidic wastewater 
within the Batch Attack Lagoon. 

During the evaluation, the Task Force collected groundwater samples from the groundwater 
monitoring wells as well as the groundwater recovery wells and Batch Attack Lagoon for 
comparison. Results of the evaluation identified elevated concentrations of volatile organic 
compounds (VOCs) and metals in groundwater at concentrations at or above those identified in 
the recovery wells and the Batch Attack Lagoon, and that the source of the groundwater 
influence was a historic release from the Lagoon. In addition, groundwater concentrations of 
several VOCs (acetone, carbon disulfide, and benzene) and metals (aluminum, antimony, 
arsenic, beryllium, cadmium, chromium, copper, iron, lead, manganese, nickel, silver, vanadium, 
and zinc) were identified in the majority of the monitoring wells installed along the eastern 
portion of the Batch Attack Lagoon in excess of the currently applicable MDE Groundwater 
Cleanup Standards. 

Cristal USA Facility Phase 11 Environmental Site Assessment Report 



EA Engineering, Science, and Technology, Inc., PBC 

EA Project No.: 15061.06 
Version: FINAL 

Page 2-8 
June2015 

2.5.3 TRC Evaluation of Batch Attack Basin and Lower Settling Basin 

In April 20 I 5, TRC Companies, Inc. (TRC) conducted an assessment of the Batch Attack 
Lagoon and Lower Settling Basin. Results of this assessment, as provided to EA, are included 
in Appendix B. A total of 12 locations in the Batch Attack Basin and 2 locations in the Lower 
Settling Basin were evaluated as part of the assessment. The scope of the investigation consisted 
of sediment samples collection via hand auger and/or Vibracore™ equipment mounted on a 
pontoon boat or other portable coring platforms within the two impoundments. The lithology 
and pH of the sediment cores were evaluated and logged in I-ft depth intervals for physical 
characteristics including grain size, color, odor, moisture content, consistency, and structure. 
Additionally, grab samples were collected from each sample location in 2-ft depth intervals and 
submitted for laboratory analysis of select metals (arsenic, barium, cadmium, chromium, iron. 
lead, manganese, and selenium). 

Based on the information provided to EA (see Appendix B). the following environmental 
conditions were identified at the Site: 

• In the Lower Settling Basin, sediment cores LSB-01 and LSB-02 were collected using 
Vibracore ™ equipment mounted on a pontoon boat to a total depth of 22 to 24 ft below 
the sediment surface. The properties of the sediment columns were relatively consistent 
for the two sample locations. The non-native sediments were estimated to be a total of 
11 ft thick at LSB-0 I and 16 ft thick at LSB-02. At the time of the assessment. the 
sediments were submerged by approximately I to 2 ft thickness of surface water. 

The upper 8 to 9 ft of sediment thickness demonstrated slightly alkaline pH. ranging from 
7.53 to 9.74. The lower portions of the cores (including all ofLSB-02 and all but the 
lowest 4 ft of LSB-01) demonstrated acidic pH. ranging from 3.24 to 5.71. with the 
lowest pH encountered at approximately 13 to 14 ft below the sediment surface for both 
sample locations. At the bottom of both cores. pH increases with depth. to 7.42 in 
LSB-01 and to 5.56 in LSB-02. 

In the Lower Settling Basin. the laboratory results for the upper interval (with alkaline 
pH) reported detections of chromium, iron. and manganese in exceedance of the MOE 
Non-Residential Soil Cleanup Standard. The laboratory results for the lower intervals 
(with acidic pH) reported detections of arsenic in exceedance of the MOE Non
Residential Soil Cleanup Standards. 

• In the Batch Attack Basin. the properties of the sediment columns varied based on 
location and distance from the inlet (western portion) of the basin. For the purposes of 
this discussion, they are divided into three sub-sets: exposed sediment, shallow-water 
sediment, and deep-water sediment. At the time of the assessment, the exposed 
sediments were not submerged by water: the shallow-water sediments were submerged 
by approximately I ft or less of surface water. and the deeper-water sediments were 
submerged by approximately I to 2 ft of surface water. 
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The exposed sediment locations (BAL-01, BAL-02, and BAL-03) were completed via 
hand auger and ranged in depth from 5 to 6 ft below grade. The non-native sediments 
were estimated to be approximately 3 to 6 ft thick. The sediment at BAL-0 I ranged in 
pH from 2.90 to 6.70, with the lowest pH encountered at approximately 2 ft below grade. 
The sediment pH at BAL-02 was relatively consistent, ranging from 7.35 to 7.90. The 
sediment at BAL-03 ranged in pH from 3.97 to 6.02, with the lowest pH encountered at 
approximately 3 ft below grade. At the base of all three cores, pH increased with depth. 

The shallow-water sediment locations in the Batch Attack Basin (BAL-04, BAL-05. 
BAL-06, BAL-07, BAL-08, and BAL-09) were completed via Vibracore™ and portable 
floating platform and range in depth from 13 to 18 ft below the sediment surface. The 
non-native sediments were estimated to be approximately 10 to 15 ft thick. The upper 
3 to 5 ft of sediment thickness demonstrated circumneutral to alkaline pH ranging from 
6.51 to I 0.30. The next 10 to 13 ft thickness interval demonstrated acidic pH ranging 
from 2.02 to 5.70, with the lowest pH occurring at an average depth of 13 ft below the 
sediment surface and as deep as 18 ft below the sediment surface. With the exception of 
BAL-07 and BAL-08, a trend of pH increasing with depth was not established at the base 
of these sample locations. 

The deep-water sediment locations (BAL-10, BAL-I I, and BAL-14) were completed via 
Vibracore™ and pontoon boat, and ranged in depth from 23 to 26 ft below the sediment 
surface. The non-native sediments were estimated to be approximately 16 to 19 ft thick. 
The upper 6 to 8 ft of sediment thickness demonstrated alkaline pH ranging from 8.31 to 
I 0.33. The next 16 to 19 ft thickness interval demonstrated acidic pH ranging from 2.04 
to 5.56, with the lowest pH occurring at an average depth of 17.3 ft below the sediment 
surface and as deep as 18 ft below the sediment surface. There was a slight trend of pH 
increasing with depth at the base of these sample locations. 

In the Batch Attack Basin, the laboratory results for the exposed sediment locations 
reported detections of arsenic in exceedance of the MOE Non-Residential Soil Cleanup 
Standard. For the shallow- and deep-water sediment locations, samples from the upper 
interval (with alkaline pH) had reported concentrations of chromium, iron, and 
manganese in exceedance of the MOE Non-Residential Soil Cleanup Standard. The 
laboratory results for the lower intervals (with acidic pH) reported detections of arsenic 
and lead in exceedance of the MOE Non-Residential Soil Cleanup Standards. 

Cristal USA Facility Phase II Environmental Site Assessment Report 



EA Engineering, Science, and Technology, Inc., PBC 

EA Project No.: 15061.06 
Version: FINAL 

Page 2-10 
June 2015 

This page intentionally lefi blank 

Cristal USA Facility Phase II Environmental Site Assessment Report 



EA Engineering, Science, and Technology, Inc., PBC 

EA Project No.: 15061.06 
Version: FINAL 

Page 3-1 
June2015 

3. FIELD AND ANALYTICAL INVESTIGATION METHODS 

The goal of this investigation is to evaluate the potential for the historic Site uses to have 
impacted the environmental integrity of the Site, to further evaluate areas of previously identified 
suspect conditions, and to provide Site-wide comprehensive characterization data. Information 
obtained as part of this investigation is intended to support efforts associated with the proposed 
expansion of the adjoining Cox Creek DMCF and to support potential future use(s) of the Site by 
MPA. 

3.1 UTILITY MARKOUT AND GEOPHYSICAL SURVEY 

Prior to initiating field activities, EA coordinated with MissUtility and a private utility markout 
subcontractor, to obtain utility clearance for the Site investigation areas. In addition, EA 
personnel conducted a Site visit to confirm the proposed soil boring locations and below grade 
utility markings. EA marked each boring and determined its location on a scaled Site plan via 
measurements from existing Site features and the use of hand-held global positioning system 
(GPS) instrumentation. Reference datum is the Maryland State Planar Coordinate System. 

Concurrent with the private utility markout, a geophysical survey was conducted within 13 areas 
of suspect USTs or other features of interest identified throughout the Site. using ground
penetrating radar (GPR) and Electro-Magnetic 31 (EM-31) Surveys. The surveys were 
performed on lines separated on an approximate 5-ft grid spacing. This spacing was selected in 
order to identify a UST size of 500 gallons or greater. 

GPR uses radar pulses to image the subsurface of the Site. The depth range ofGPR is limited by 
the electrical conductivity of the ground. and the transmitting frequency. As conductivity 
increases. the penetration depth decreases. As such. subsurface materials, such as concrete, 
reinforced concrete, or metallic debris may reduce the effective penetration depth. EM 
techniques incorporate the principle of electromagnetic induction. EM equipment consists of a 
very low frequency transmitter and a receiver coil. The transmitter induces an electrical current 
into the subsurface, which produces secondary fields. Subsurface materials and groundwater (to 
a maximum penetration depth of 6 meters) that are highly conductive are detected and recorded 
as anomalies. An in-phase component ofEM-31 is used to identify buried metal objects (e.g., 
steel tanks). These techniques were utilized to identify remnant USTs that may remain in the 
subsurface. Information resulting from the geophysical surveys is discussed in Section 4.1. 

3.2 SOIL AND GROUNDWATER SAMPLING FROM UPLAND AREAS 

Soil Sampling 

One hundred and thirteen soil borings were completed throughout the Site to further evaluate the 
potential for the historic Site uses to have impacted the Site (Figure 2-1 ). The soil borings were 
advanced for general Site-wide characterization data throughout the Site and within each of the 
AOCs described in Section 2.3. Field and analytical investigation methods specific to the Site-
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wide sampling grid or the individual AOCs are discussed in the subsections below. Note that 
groundwater sampling methodologies are discussed below, and basin sediment and surface water 
sampling methodologies are discussed in Section 3.3. 

Shallow and subsurface soil samples were collected using direct-push technology (DPT) 
methodologies. Where practicable, soil borings were advanced to depths ranging from IO to 
15 ft bgs. Soil borings were advanced deeper at locations proposed for the installation of 
temporary monitoring wells if groundwater was not encountered in the initial 15-ft thickness. 
Soil from the borings was collected continuously using 5-ft-long, 2-in. outside diameter sampling 
rods. Rods were lined with 60-in. polyvinyl chloride (PVC) liners, which allowed for discrete 
sampling of specific soil intervals. Soil lithology was recorded on boring logs for each borehole 
(Appendix C). Grab soil samples were collected from each DPT core (at approximate 2-ft 
intervals) and field screened using a photoionization detector (PID) and visual observations for 
the presence of total VOCs. 

Two discrete soil samples were collected by default from most of the soil borings, including a 
shallow sample and a subsurface sample. The shallow soil samples were collected from as near 
to the ground surface as possible. to document conditions in the near-surface soils to address 
surface sources of contamination. Where a PID response was obtained during field screening, 
the subsurface sample was collected from the depth of the highest PIO response. If there was no 
PID response or other obvious indications of impacts, the subsurface sample was collected 
immediately above the soil/groundwater interface, with groundwater depth determined by visual 
inspection of the soil core. The subsurface samples were intended to address potential vertical or 
horizontal migration from the surface sources as well as deeper sources of unknown origin. 

Soil samples were homogenized across the targeted interval, except any subsamples for VOC 
analysis, for which a grab sample was collected from within the interval before the interval was 
homogenized for the sample collection. The samples were then placed into new, clean, 
laboratory provided sample containers. Following completion of each soil boring, soil cuttings 
generated during sampling activities were placed back into the boring. Impermeable surfaces 
were restored with like materials such as cement or an asphalt patch. 

The ten steps of the sample collection protocol are summarized below: 

I. The geologists and operator donned personal protective equipment. 

2. The operator was directed to drive the sampler to the desired depth and retract the probe. 

3. The operator withdrew the sampler, removed the PVC core liner from the sampler, and 
transported the sub-core to the onsite geologist for logging and field screening analysis. 
The sample was logged on the field boring log forms while it was still in the sampler. 

4. The soil sample was immediately screened for VOCs using a PID, and sample intervals 
for laboratory analysis were selected. 
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5. A subsample was collected from the selected intervals for laboratory analysis ofYOCs 
(as appropriate), and then the remaining mass of each sample was transferred to a 
dedicated plastic zip-locking baggie. 

6. The material in the plastic bag was thoroughly homogenized. 

7. The sample was then placed into the required number and type of sample jars. 

8. Any remaining sample material and cuttings were then returned to the borehole. Like 
materials were added to restore the surface level. 

9. The soil samples were submitted for laboratory analysis. 

I 0. The DPT rods were decontaminated. 

Select soil samples were submitted for laboratory analysis for one or more of the following: 
target analyte list (TAL) metals, pH, VOCs, semivolatile organic compounds (SYOCs) including 
polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), total petroleum 
hydrocarbons (TPH) diesel range organics (ORO) and gasoline range organics (GRO), 
dioxins/furans, and gamma spectroscopy. Note that each soil sample was analyzed for PAHs, 
and a JO percent subset was also analyzed for SVOCs. The rationale for analyzing a 10 percent 
subset for the full SVOCs (PAHs and base neutral acids [BNAs]) was that the BNA subset of 
SVOCs was not anticipated to be as widespread across the Site. Laboratory analyses were 
performed using the acceptable analytical methods outlined in Section 3.9 of the Voluntary 
Cleanup Program Guidance Document (MOE 2006). 

In addition, soil samples analyzed for TAL metals were requested to be retained by the 
laboratory for potential additional metals analysis. Seven samples were selected for chromium 
speciation analysis, based on total chromium concentrations exceeding the background 
concentration (MOE Anticipated Typical Concentrations). Six samples were analyzed by 
toxicity characteristic leaching procedure (TCLP) methodology, due to concentrations of total 
metals indicating the potential for soil concentrations to exceed TCLP thresholds. Although 
elemental mercury analysis was also considered, mercury concentrations were determined not to 
be sufficiently high to justify this analysis. 

Groundwater Sampling 

Nineteen select soil borings throughout the Site were completed as temporary groundwater 
monitoring wells, including one soil boring located downgradient of the landfill area. Thin, 
laterally discontinuous water-bearing units were encountered across the Site at depths ranging 
from 4 to 20 ft bgs. Conditions in the field necessitated deviation from the proposed locations 
for several of the temporary wells. Specifically, groundwater availability and new information/ 
observations acquired once the investigation was underway were used to determine the locations 
for the replacement wells. The temporary well locations, as completed, are provided in 
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Figure 2-1 (Appendix A). Note that the temporary wells proposed at locations SB-03, SB-06, 
SB-21, SB-39, and SB-41 were not completed due to the absence of sufficient water-bearing 
lithology; wells were completed at the following locations instead: SB-28, SB-42, SB-60, and 
SS-05. 

The groundwater sampling was performed in general accordance with the USEPA Low-Flow 
Methodology and as described below. 

The temporary groundwater wellpoints were constructed using 5 to 15 ft of 1-in.-diameter flush
threaded PVC screen (0.020 slot) and completed with solid PVC riser to the ground surface to 
allow for the collection of a grab groundwater sample. Dedicated equipment was used at each 
sample location. Well development was completed by surging and purging the temporary well 
using a hand bailer and peristaltic pump with dedicated tubing. Well development continued 
until at least three well volumes were removed and, where achievable, the purge water appeared 
clear and free of fines. Development water was discharged to the permeable ground surface. 

After development of each well, a peristaltic pump with dedicated tubing was deployed to within 
the screened interval and connected to a water quality meter. Water quality parameters including 
pH, specific conductivity. temperature, oxidation/reduction potential. turbidity, and dissolved 
oxygen were monitored during low-flow purging and recorded to ensure groundwater quality 
stabilization was reached prior to sampling. When three consecutive water quality readings 
agreed within IO percent, indicating stabilization, samples were collected by discharging purge 
water directly into the required number of new, clean, laboratory provided sample containers 
after disconnecting the tubing from the water quality meter. Purge water was discharged to the 
permeable ground surface. Following collection of the groundwater samples. the PVC screen 
and riser were removed. and unused portions of soil cores were returned to the boreholes, which 
were topped off with bentonite to grade. 

Groundwater samples collected from each well were submitted for fixed laboratory analysis for 
TAL metals, pH. VOCs, SVOCs, PCBs, and dioxin/furans. Fixed laboratory analysis was 
performed using the acceptable analytical methods outlined in Section 3.9 of the MDE Voluntary 
Cleanup Program Guidance Document (MOE 2006). 

The sections below detail the soil and groundwater samples collected from each area, which are 
also summarized in Table 3-1. Note that in addition to the soil samples collected from the Upper 
and Lower Settling Basins, samples classified as sediment were also collected; these samples are 
summarized in Table 3-2. Results of the laboratory analyses are presented in Appendices D and 
E. and summarized in Section 4. 
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Table 3-1 Summarv of Soil and Groundwater Sam oles Collected 
· No. of Groundwater 

Unland Area No. of Soil Borinas No. of Soil Samnles Samnles 
Former Titanium Ore Storage 

JO 
Area 

15 0 

Soent Solvent Storage Area 6 12 2 
PW AN/SW AN Area 13 26 2 
Landfill Area (including SB-60) l l 22 1 
Site-Wide Sampling Grid 64 128 14 
(including OWS samples) 

Xorthwest Up/and Area 17 34 0 
West-Central l;'p/and Area /9 38 3 
East-Central lip/and Area 17 34 7 

South Up/and Area II 22 4 
Unner Settling Basin 5 10 0 
Lower Settling Basin 4 8 0 

Total 113 221 19 

NOTES: ows ~ Oil/water separator. 
PWAN/SWAN ~ Primary Waste Acid Neutralization/Secondary Waste Acid Neutralization. 

3.2.1 Former Titanium Ore Storage Area (Focus Area A) 

In order to evaluate the Former Titanium Ore Storage area. IO soil borings (TS-0 I through 
TS-I 0) were advanced via DPT (Figure 2-1 ). In addition to soil chemistry constituents, soil 
samples collected from the soil borings were evaluated to assess whether residual radioactivity 
associated with titanium ore processing was present. Radiation levels in soil were screened by 
field personnel using a radiation survey meter/frisker (Yictoreen Model 190 with GM Model 
489-1 IOD probe), and by gamma spectroscopy in the laboratory. 

Prior to advancing the soil borings, background radiation levels were surveyed at three locations 
onsite (SB-09, SB-59, and SB-60). These background locations were chosen to establish 
radiological levels in areas not associated with ore storage. Field screening was next conducted 
throughout the focus area, including at each of the proposed sample locations. Surface soil at 
each of the background and focus area locations was surveyed by scraping back approximately I 
in. of topsoil, placing the radiation survey meter at the soil surface. and recording the average 
reading. 

To further assess radiological concentrations within the Former Titanium Ore Storage area, 
select soil samples for laboratory analysis were collected from each of the IO soil borings 
advanced in this area. in addition to the three background locations from other areas of the Site 
(SB-09, SB-59, and SB-60). The soil samples for radiological analysis were collected from the 
shallow soils and submitted for laboratory analysis by gamma spectroscopy. 

Non-radiological chemical analyses were performed on 15 samples from this area. At five of the 
boring locations, two soil samples for chemical analysis were collected. including a shallow 
sample and a subsurface sample; for the remaining five soil borings only a shallow sample was 
collected. The soil samples were submitted for laboratory analysis of one or more of the 
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following: TAL metals, pH, SVOCs/PAHs, and PCBs. One additional sample was composited 
from aliquots of shallow soil from each of the sample locations and submitted for laboratory 
analysis of dioxin/furans. 

Results of the field screening and laboratory analyses are presented in Section 4.2. 

3.2.2 Spent Solvent Storage Area (Focus Area B) 

In order to evaluate the Spent Solvent Storage area and features adjacent to the northwest (the 
former location of a chemical warehouse, several AS Ts, and trench-drains), six soil borings (SS-
0 I through SS-06) were advanced via DPT (Figure 2-1 ). The locations of borings SS-02, SS-03. 
and SS-04 were relocated slightly to the northwest. due to near-surface refusal at the proposed 
locations. The adjusted locations are in an area that formerly included a chemical storage 
warehouse. several ASTs, and a system of trench-drains. 

Two soil samples were collected from each soil boring. including a shallow sample and a 
subsurface sample. The soil samples were submitted for laboratory analysis for one or more of 
the following: TAL metals. pH, VOCs, SVOCs/PAHs, PCBs. and TPH DRO/GRO. One 
additional sample was composited from aliquots of shallow soil from each of the sample 
locations and submitted for laboratory analysis of dioxin/furans. Results of the laboratory 
analyses are presented in Section 4.2. In addition. two borings were completed with temporary 
well points. 

3.2.3 PW AN/SW AN Area (Focus Area C) 

In order to evaluate the PW AN/SWAN area. 13 soil borings (AN-01 through AN-13) were 
advanced via DPT (Figure 2-1 ). Two soil samples were collected from each soil boring. 
including a shallow sample and a subsurface sample. The soil samples were submitted for 
laboratory analysis ofTAL metals, pH. VOCs, SVOCs/PAHs, PCBs, and TPH DRO/GRO. 
One additional sample was composited from aliquots of shallow soil from each of the sample 
locations and submitted for laboratory analysis of dioxin/furans. Results of the laboratory 
analyses are presented in Section 4.2. In addition, two borings were completed with temporary 
well points. 

3.2.4 Landfill Area 

In order to characterize the materials contained within the Cristal USA Landfill, IO soil borings 
(LF-01 through LF-10) were advanced using hollow-stem auger drilling from grade to a depths 
of 15 to 75 ft below grade, and one soil boring (SB-60) was advanced using direct push to a 
depth of20 ft below grade. Landfill development and completion documents provided by Cristal 
were used to develop the investigation approach; precise elevations were determined at the exact 
borehole locations using a GE07X Trimble GPS altimeter with ±2-ft vertical accuracy to verify 
that advancing boreholes to the targeted depths will not directly impact the leachate collection 
system components. Based on the construction design and historic use, the Landfill was 
subdivided into four areas for characterization (Figure 2-1 ). 
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For Landfill Area I (2-ft clay cover waste fill area), soil borings LF-01 and LF-02 were 
advanced to depths of20 and 22 ft below grade; for Landfill Area 2 (waste fill area with no clay 
cover), soil borings LF-03 and LF-04 were advanced to depths of 15 and 16 ft below grade; for 
Landfill Area 3 (waste fill with clay cover approximately 30 to 50 ft bgs), soil borings LF-05, 
LF-06, and LF-07 were advanced to depths of 48, 48, and 67 ft below grade; for Landfill Area 4 
(waste fill with clay cover approximately 40 to 60 ft bgs), soil borings LF-08, LF-09, and LF-10 
were advanced to a depths of 46, 67, and 75 ft below grade. 

Two soil samples were collected from each soil boring, including a shallow sample and a 
subsurface sample. The shallow sample was collected from the surface to 2 ft bgs at all locations 
except for LF-01, LF-02, and LF-03. The shallow samples from these three locations were 
collected from the 2 to 4 ft bgs interval, to allow characterization of waste fill located near the 
surface. After the shallow sample was collected, augering was performed continuously through 
the clay cover, to the expected depth of waste fill material provided by the Millennium Chemical 
Site Supervisor, Mr. Frank Martin. Split-spoons were collected at 2-ft intervals from the 
expected depth of waste fill material to approximately IO to 20 ft below that depth in order to 
collect a representative subsurface sample. 

Soil lithology was recorded on boring logs for each borehole (Appendix C). Grab soil samples 
were collected from each spoon and field screened using a PIO and visual observations for the 
presence of total VOCs. For Landfill Areas I and 2, both samples for each borehole consisted of 
waste fill material. Material encountered at Area I consisted of a gypsum material (LF -0 I) and 
construction debris (LF-02) with a 2-ft clay cover. Material at Area 2 consisted of compact silt 
with layers of sand with no clay cover (LF-03 and LF-04). 

For Landfill Areas 3 and 4, surface samples for each borehole consisted of clay cover material. 
and subsurface samples consisted of representative waste fill material. Material encountered at 
Area 3 consisted of an organic black and white clayey silt (lagoon and gypsum material) with an 
approximate 35-ft clay cover for LF-05, organic black clayey silt (lagoon material) with an 
approximate 30-ft clay cover for LF-06, and a compact clay/silt mix with layers of sand for 
LF-07. Material at Area 4 consisted of sand and minor wood debris with clay lenses from 45 to 
67 ft bgs at LF-08, an organic black clayey silt (lagoon material) with an approximate 40-ft clay 
cover for LF-09, and layers of compact silt and sand from 55 to 75 ft bgs at LF-10. The exact 
depth of the clay cover was unclear at LF-07, LF-08, and LF-10 due to the layers of sand 
observed throughout the known clay cover interval, and no distinguishable waste fill material 
layer observed. EA discussed this condition with the Millennium Chemical Site Supervisor, Mr. 
Frank Martin, who confirmed that sand was applied in layers in conjunction with the clay cover; 
however, the source of the sand was not provided. 

In order to gather data representative of the Site boundary in the southwest portion of the Site, 
one soil boring (SB-60) was added to the southeast of the landfill stormwater pond. This boring 
was also completed with a temporary well point. 
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The soil samples were submitted for laboratory analysis of T AL metals, PAHs, pH, VOCs, 
PCBs, and/or TPH DRO/GRO. Within each of the landfill areas, one additional sample was 
composited from aliquots of shallow soil (for Areas I and 2) or subsurface soil (for Areas 3 and 
4) from each of the sample locations and submitted for laboratory analysis of dioxin/furans. 
Results of the laboratory analyses are presented in Section 4.2. 

3.2.5 Site-Wide Sampling Grid 

An unbiased 250-ft sampling grid for soil boring locations was developed to address the 
remaining Site areas and develop a dataset of Site-wide information. Sixty soil borings (SB-0 I 
through SB-59 and SB-61) were advanced via DPT from locations anticipated to represent 
background, upgradient, and downgradient Site conditions (Figure 2-1 ). The soil samples were 
submitted for laboratory analysis ofTAL metals, SVOCs/PAHs, pH, VOCs, PCBs, TPH 
DRO/GRO, and/or dioxins/furans. Results of the laboratory analyses are presented in 
Section 4.2. 

As the investigation was underway, new information/observations led to the addition of several 
DPT soil borings. The rationale for completion of the additional borings is provided below. 

• Based on the discovery of a concrete subsurface oil/water separator (OWS) vault 
containing an estimated 1,000 gallons of oil, four additional soil borings (OWS-01, 
OWS-02, OWS-03, and OWS-04) were completed in the area between SB-18 and SB-20. 
immediately adjacent to the vault and associated piping. The findings of geophysical 
surveys, and other information regarding this area, are presented in Section 4.1. 

• Based on discovery of a steel subsurface OWS tank containing an unknown volume of 
suspected diesel fuel and a nearby aboveground concrete OWS vault containing apparent 
meteoric water, one additional soil boring was completed in the area. SB-40 was re
located immediately adjacent to the underground tank and SB-61 was added immediately 
adjacent to the aboveground vault and associated subsurface piping. The findings of 
geophysical surveys, and other information regarding this area. are presented in 
Section 4.1. 

• As discussed in Section 3.2.4, one soil boring (SB-60) was added to the southeast of the 
landfill stormwater pond in order to gather data representative of the Site boundary in the 
southwest portion of the Site. 

In addition, 14 borings were completed with temporary well points. 

For the purposes of data analysis and discussion, the Site-wide upland sampling locations were 
divided into four areas: the Northwest Upland, West-Central Upland, East-Central Upland, and 
South Upland areas (see Figure 2-1 ). 
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In order to evaluate the soil in the dewatered portions of the treatment/storage basins (Upper 
Settling Basin and Lower Settling Basin), nine soil borings (UB-01 through UB-05 and LB-02 
through LB-05) (Figure 2-1) were advanced. Note that locations LB-06, LB-07, and LB-08, and 
locations UB-06, UB-07, and UB-08 were sediment sampling locations (see Section 3.3). Soil 
borings from the Upper Settling Basin were advanced via DPT. Soil borings from the Lower 
Settling Basin were advanced via disposable scoops (surface samples) and hand augers 
(subsurface samples), due to the unanticipated saturation of the soil that made drill-rig access 
impossible. The soil samples were submitted for laboratory analysis of T AL metals, pH, 
SVOCs/PAHs, and PCBs. Results of the laboratory analyses are presented in Section 4.3. 

The area adjacent to proposed coring location LB-01 was densely wooded and marshy, making 
drill-rig access and hand-augering impractical; therefore, the soil boring designated for that 
location was not completed. 

Sediment and surface water sampling methodologies for the treatment/storage basins (Batch 
Attack Basin, Upper Settling Basin. Middle Settling Basin, and Lower Settling Basin) are 
discussed in Section 3.3. Note that the distinction in terminology between "soil" and "'sediment" 
samples from these basins is a matter of which sampling methodology was initially judged to be 
feasible in each area. Soil samples are from areas that were initially judged to be suitable for 
DPT soil borings (although some were found to require hand augering, as described above). 
Sediment samples are from areas submerged in water or exposed areas with soft material that 
was judged to be unsuitable for access by DPT equipment (see Section 3.3). 

3.3 SEDIMENT AND SURFACE WATER SAMPLING FROM THE BASINS 

In addition to the soil samples in the basins collected using DPT or hand auger (see 
Section 3.2.6), sediment and surface water samples were also collected from the basins. The 
numbers of samples collected from each basin are summarized in Table 3-2. 

a e -T bl 3 2 S ummarv o fS d' e ,ment an dS f ur ace w ater s am lies C II o ecte d 
No. of Surface Water No. of Open Water No. of Exposed Sediment 

Treatment/Stora"• Basin Samnles Sediment Samples Samnles 

Batch Attack Basin I 4 5 
Unr\er Settli112: Basin I ' 0 -' 

Middle Settline Basin 0 0 5 
Lower Settlin2: Basin I 3 0 

Note that no surface water samples were collected from the Middle Settling Basin because no 
open water (more than I or 2 in. deep) was present in this basin. 

Prior to conducting sediment sampling operations within each basin, water quality parameters 
including pH, specific conductance, conductance, temperature, turbidity, salinity, and oxidation
reduction potential were collected. At the same location, a surface water sample was also 
collected using a telescopic pole and several I-liter sampling bottles. The sample bottles were 
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pre-cleaned and rinsed at least three times with Site water before collecting water for each 
surface water sample. This method was selected over the proposed method, to hold the 
appropriate pre-cleaned sample container just below the air-water interface and remove the cap, 
because it reduced the contact exposure of the technician performing the sampling to the water. 
During surface water sampling, no surface film or flotsam was observed at any of the surface 
water sampling locations. The surface water samples were submitted for laboratory analysis of 
T AL metals, VOCs, SVOCs/PAHs, pH, PCBs, and dioxins/furans. 

The open water surface sediment samples were collected using a 9-in. by 9-in. stainless steel 
Ponar grab sampling device deployed from a single Jon boat in the Upper Settling Basin, and 
from the work platform in the Batch Attack and Lower Settling Basins. The work platform was 
constructed using two Jon boats secured together by a wooden frame and mechanical fasteners to 
enhance floatation and stability during sampling operations in deeper water. 

Sample collection in the open water areas of the basins consisted of positioning the Jon boat or 
work platform as close to the proposed sampling location as safely and feasibly possible. and 
lowering the Ponar grab sampler to the bottom of the basin to recover the surface sediments. 
When the grab sampler was lowered into the sediment. the sampler initially penetrated 
approximately 2 to 3 in. into the sediment, enabling recovery from within 3 to 12 in. of the 
surface. Because of the size of the grab sampler and depth of recovery from each deployment, 
only one grab sample was necessary to recover sufficient volume for analytical testing (including 
the required field duplicates (FDs) and matrix spike (MS)/matrix spike duplicates (MSDs). 

After each sample was collected. the sediment from the sampler was transferred to a heavy duty 
disposable aluminum pan, the boat returned to shore to homogenize the sediment, and the 
sediment was then transferred to new, clean. laboratory provided sample containers. For the 
composite sample, approximately 7 to IO scoops of sediment from each sample location within 
each basin were homogenized in a separate aluminum pan and transferred to the new, clean, 
laboratory provided sample container. Before returning to the boat or work platform, the Ponar 
and any non-disposable equipment used for sampling were decontaminated using the following 
procedure: (I) rinse with deionized water; (2) application of nitric acid; (3) rinse with deionized 
water; (4) application of hexane; (5) application of methanol; and (6) final rinse with deionized 
water. 

At each exposed surface sediment location. one surface sample from the top 18 in. was collected 
using a dedicated disposable scoop. In addition to the proposed samples from each basin, one 
additional discrete sample (BB-04 0-0.5. from location BB-04a) was collected from the exposed 
sediments of the Batch Attack Lagoon in order to characterize a distinct surficial lithology not 
represented in the other samples collected in that area. 

The sediment samples were submitted for laboratory analysis of T AL metals, PAHs, pH. and 
PCBs. Within each basin, one additional sample was composited from aliquots of each sediment 
sample and submitted for laboratory analysis of dioxin/furans. Results of the laboratory analyses 
are presented in Section 4.3. 
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Table 3-3 summarizes the odor, color, and texture of each of the sediment samples collected. 

Table 3-3 Descriotions of Sediment Sam oles 
Odor Color Texture 

BB-01 NA Reddish Brown Silty fine sand 

BB-02 NA Grev Sandv silt 

BB-03 NA Red (0-3 inches) Silty clay 

Brown (3-12 inches) 
BB-04 NA Grey (0-3 inches) Silt/Clay 

Brown (3-12 inches) 
BB-04a NA Orange (0-0.5 inches) Silt/Clav 

BB-05 NA Red Fine/Muckv 

BB-06 NA Brownish Grev Fine/Muckv 

BB-07 NA Brown Fine/Muckv 

BB-08 NA Dark Brown Fine/Muckv 

UB-06 NA Whiter grey (white streaks in matrix looked like paint or Very fine 
some nolvmer) 

UB-07 NA Whiter Grey (white streaks in matrix looked like paint or Very fine 
some oolvmer) 

UB-08 NA Reddish Brown Sandv silt 

MB-01 NA Brownish Grev Fine silty clay 

MB-02 NA Brownish Grev Fine siltv clav 
MB-03 NA Brownish Grev Fine siltv clav 
MB-04 NA Brown Fine sandv silt 

MB-05 NA Brown Fine sandv silt 
LB-06 NA Brown Fine silt 
LB-07 NA Grevish Brown Fine siltv clav 

LB-08 NA Brown Fine sandv silt 

NOTES: ID ~ Identification. 
NA ~ Not ann!icable. 

3.4 SAMPLE HANDLING AND ANALYSIS 

Samples collected for laboratory analysis were recorded in the soil boring logs and/or project 
field notebooks. These notebooks will be kept in the project file for reference. Each location 
sampled during field activities was given a unique sample designation, and a unique sample 
identification (ID) was established for each discrete sampling point, as described in 
Section 3.4.1. The sample ID was included on the chain-of-custody and container label, and the 
information contained on the sample container label was entered into the appropriate data tables 
and appended to the laboratory deliverables. 

Sample containers were affixed with a sample label filled out at the time of collection. 
Information on the sample label included, at a minimum, the following: 

• Client 
• Sample ID 
• Date and time of collection 
• Analysis 
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• Preservative 
• Name of sampler. 

Following sample collection, containers were sealed and placed in a cooler with bagged ice and 
cooled to 4 degrees Celsius (0 C) or less using wet ice or refrigeration until they were submitted to 
TestAmerica for laboratory analysis. 

3.4.1 Sample Identification 

Sample locations including soil, sediment, groundwater, and surface water samples collected 
during the field work were assigned unique IDs according to the following: 

Each discrete sample (from a single location) was given a unique designation: 

Focused Area or Site-wide Sediment/Soil Groundwater/Surface Water 
Former Titanium Ore Stora_ge Area TS-##X-Y TS - ##W 

Soent Solvent Storage Area SS - ## X-Y SS -##W 
PWAN/SWAN Area AN - ## X-Y AN - ##W 

Landfill Area LF - ## X-Y LF - ##W 
Batch Attack Basin BB - ## S BB -##W 

Unner Settlinv Basin UB - ## X-Y or S UB - ##W 
Middle Settling Basin MB - ## S MB-##W 
Lower Settline. Basin LB-## X-Yor S LB - ##W 

Oil/Water Seoarator (west) OWS -## X-Y OWS-##W 
Site-Wide Samoline SB-##X-Y SB - ##W 

In the sample designations. the number(##) designates the specific sample location. For soil 
samples. the X-Y identifies the depth at which the sample was taken, where Xis the top of the 
sample interval and Y is the bottom of the sample interval in ft bgs. For sediment samples. the 
letter ··s·· indicates that the sample was collected at/near the surface; however. precise depth 
intervals could not be determined. One additional sediment sampling location was added in the 
Batch Attack Basin; this location was named "BB-04a," and the associated sample was 
designated ·'BB-04 0-0.5." IDs for groundwater and surface water samples are indicated by the 
letter "W'' succeeding the ID ##. 

Composite samples of soil and sediment were also collected from within focused areas, for 
analysis of dioxins/furans. Each composite sample was given a unique designation, indicating 
the sampling locations from which material was composited (or the area of the landfill. in one 
case): 

Cristal USA Facility 
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where TS, SS, AN, LF, BB, LB, MB, and UB identify the composite sample as being 
collected within one of the Focused Areas (Section 2.3). The numbers(## - ##) identify 
the numerical series of sampling locations that comprised the composite sample. Landfill 
Area 4 includes locations LF-08, LF-09, and LF-10 (Figure 2-1). 

FDs were designated such that the laboratory would not be able to discern the parent sample. 
The following sample identification numbers were assigned: 

DUP-## 
FD-## 

LF - DUP -## 
GW - DUP-## 

where## designates the duplicate number that was sequentially collected from the 
beginning to the end of the field effort. The prefix (DUP, FD, LF, or GW) was modified 
when there were multiple sampling crews collecting parent-duplicate sample pairs across 
the Site simultaneously. The parent sample associated with each duplicate sample was 
noted in the drilling logs and/or field notes. 

For MS and MSD samples, MS or MSD was added to the end of the sample ID for the parent 
sample, or otherwise indicated on the chain-of-custody. 

The data tables included in Appendix D include the sample IDs, with the locations, depth 
intervals, and the laboratory analyses performed for each sample. 

3.4.2 Chain-of-Custody 

Chain-of-custody (COC) forms were initiated by the sampler at the time samples were collected. 
EA relinquished samples to a TestAmerica courier who shipped the soil and water samples under 
strict COC to TestAmerica Laboratories for analysis. The courier repackaged the coolers if 
applicable and placed the COC in a plastic bag and taped it to the inside of the cooler lid. The 
cooler was sealed with adhesive tape, labeled, and secured with custody seals prior to shipping. 
Upon receipt and opening of the coolers, the laboratory sample custodian measured and recorded 
the temperature inside the coolers, which did not exceed 6°C. Samples were analyzed with 
standard turn-around times of IO business days from receipt of samples. 

3.5 WASTE MANAGEMENT 

Investigation-derived waste (IDW) generated during the sampling activities was handled and 
characterized for disposal according to proper waste management procedures. 
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The waste management procedures for each of types of IDW generated were conducted as 
follows: 

• Soil Cuttings - Soil and rock cuttings generated during drilling and sampling activities 
were returned down the borehole. 

• Solid Waste - Solid waste and debris, such as disposable clothing, and any other 
disposable equipment or materials that may have contacted Site soil or water were 
appropriately bagged and disposed of as municipal solid waste. 

• Water - Water generated during sampling activities was discharged to the permeable 
ground surface. 

3.6 ANALYTICAL DATA 

Soil, sediment, surface water, and groundwater samples were analyzed by TestAmerica·s 
laboratories in Pittsburgh, Pennsylvania; Knoxville, Tennessee: and St. Louis, Missouri. A total 
of252 soil/sediment samples and 22 groundwater/surface water samples were collected during 
this investigation. (Additional samples were collected for quality control; those samples are 
discussed in Section 3.6.1 below.) The analytical data reports are provided in Appendix E. The 
analytical methods used are presented below: 

• VOCs via USEPA Method 8260C. 

• SVOCs/PAHs via USEPA Method 82700-Low Level. 

• PCBs via USEPA Method 8082A. 

• TAL Metals via US EPA Methods 6020A, 7470A, and 7471 B. 

• TPH DRO/GRO via USEPA 8015C. 

• Dioxins and Furans via US EPA Method 1613 B. 

• pH via USEPA Method 9040C and 90450. 

• Gamma-Emitting Radionuclides via USEPA Method 901.1. 

• TCLP Metals via USEPA Methods 6010C and 7470A, for select samples containing 
metals at concentrations in excess of the Resource Conservation and Recovery Act 
(RCRA) TCLP screening level multiplied by a factor of 20. 
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• Chromium Speciation via USEPA Method 7196A, for select soil samples containing total 
chromium at concentrations in excess of the MDE Non-Residential Soil Cleanup 
Standard. 

Analysis for elemental mercury via USEPA Method 3200 was also proposed on select soil 
samples if total mercury results were reported at concentrations in excess of the MDE Non
Residential Soil Cleanup Standard (MDE 2008). However, only one mercury concentration 
exceeding the cleanup standard was reported, and mercury concentrations were determined not 
to be sufficiently high to justify this analysis. 

3.6.1 Field Quality Control Samples 

The overall Data Quality Objective (DQO) for the project was to provide data of known and 
documented quality to characterize current conditions at the Site. The definitive quality of the 
data was assured by: (I) using standard operating procedures and quality control (QC) processes 
during data collection; (2) documented control and traceability ofreference standards, 
calibrations. and instrument performance; and (3) acceptable performance of field and laboratory 
QC procedures within the defined limits established for these procedures. Field QC samples 
including FD and MS/MSD samples were collected and analyzed to assess the quality and 
representativeness of the field sampling activities and the accuracy of the analytical results. 

Field Duplicates 

Blind FD pairs were collected. analyzed, and evaluated at a frequency of 1 0 percent for each 
matrix. FD samples were collected by alternating between filling the "parent" and duplicate 
containers. Twenty-six (26) soil/sediment FD pairs and two groundwater/surface water FD pairs 
were collected during this investigation. The results are used to assess field and laboratory 
prec1s1on. 

Matrix Spike and Matrix Spike Duplicates 

Fourteen (14) MS/MSD pairs were collected; one MS/MSD pair per 20 samples. Three times the 
normal sample volume was collected for the MD/MSD samples. MS/MSD pairs were collected 
by alternating between filling the three containers (parent, MS. and MSD). The level of recovery 
of an analyte in MS/MSD samples is dependent on the sample matrix. the method of analysis, 
and the contaminant. The concentration of the analyte relative to the detection limit of the 
method is also a factor. MS/MSD samples and samples spiked with surrogates, compounds 
similar to environmental contaminants but not likely to be present in the samples, were used to 
evaluate the effect of the sample matrix on the accuracy of the analytical data. 

Rinse Blanks 

Rinse blanks (RB) are samples of analyte-free water poured over or through decontaminated 
field sampling equipment prior to the collection of environmental samples to assess the adequacy 
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of the decontamination process. For QC purposes, 14 RB samples were collected, on days when 
equipment had been decontaminated and re-used for onsite sample collection. 

Trip Blanks 

A trip blank (TB) is a sample of laboratory organic-free reagent water that is provided with the 
sample containers by the laboratory. It accompanies the sample containers into the field and 
back to the laboratory. The analysis of the trip blank identifies possible contamination 
associated with the residence of samples and containers during the collection, transport, and 
laboratory time. Fifteen ( 15) TB samples were collected during this investigation, one per cooler 
transporting samples for VOC analysis. 

3.6.2 Data Quality Discussion 

The paragraphs below discuss the usability of the data and, where applicable, present the minor 
issues found that resulted in the addition of data qualifiers. 

Sample Receipt 

All samples were received by TestAmerica in good condition, properly preserved on ice and 
within temperature requirements. 

Rinse Blanks 

The majority of the rinse blank results were non-detect. There were some detections of metals, 
dioxin/furans, TPH DRO/GRO, VOCs. and SVOCs; however. the majority of these detections 
were low-level, with the result being greater than the method detection limit (MDL) but less than 
the reporting limit (RL). 

Trip Blanks 

Several of the TB samples had low-level detections of acetone and methylene chloride, a 
common lab contaminant. 

Field and Laboratory Precision 

For soil/sediment sample pairs, the FD relative percent difference (RPD) was generally 
acceptable, with the majority of the RPD values below I 00 percent. RPDs between I 00 and 
200 percent were reported for some analytes in the soil/sediment FD pairs. The large range in 
RPD values in soil is likely due to the non-homogenous nature of the sample matrix, which may 
include particles of material high in constituents such as metals. For groundwater and surface 
water samples, the RPDs for the FD pairs were also generally acceptable, with the majority of 
the RPDs below 20 percent. However, dioxin/furans and metals each had five RPDs exceeding 
20 percent (ranging from 21 to 129 percent). None of the RPD values for the FD pairs resulted 
in rejection of the data; all of the data were sufficiently precise for use. 
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Sensitivity is a measure of method performance in terms of the ability to detect chemicals of 
concern at low enough concentrations to eliminate potential false negatives and to ensure the 
project goals in terms of actionable concentrations are met. Target detection limits are based on 
available standard methods applicable to media and are below most applicable regulatory 
screening criteria. Ideally the lowest of the detection limits outlined by the laboratories would be 
below the applicable screening level; analytically achievable quantitation limits are not always 
low enough to meet this goal. For this project, analytical methods were selected so that the 
reporting limit for each target analyte was below the applicable screening level and/or specific 
project requirements, wherever practical. For this project, sample results were reported as 
estimated values if concentrations were less than the RL but greater than MDL The sensitivity 
requirements for this project were achieved where possible. Tables C- I 6 and C- I 7 in 
Appendix D show each analyte and the Jab achievable detection limits, and the MDE Non
Residential Cleanup Standards for Soil and Groundwater are also provided in Appendix D. 

Analytical Accuracy 

An assessment of accuracy is presented by analytical group, below. A method blank (MB) is a 
laboratory QC sample that shows only laboratory sources of contamination introduced during 
sample preparation activities. Results that were influenced by MB contamination were B (or JB) 
qualified. 

Volatiles 

Methylene chloride was detected in several MBs at concentrations greater than the MDL but less 
than the RL. Toluene was detected in one MB at a concentration that was greater than the MDL 
but less than the RL. Methylene chloride and toluene results associated with these MBs have 
been flagged as estimates. Two MS/MSD samples (BB-08W and SB-60W) had high recoveries 
of one or more VOCs, and the associated results have been flagged with ·'FI" to indicate that 
they may be biased high. 

Semivolatiles 

Several samples were diluted because the sample matrix was dark and oily, or to bring 
concentrations of target compounds within calibration range, resulting in elevated RLs. Diethyl 
phthalate was detected in an MB at a concentration greater than the MDL but less than the RL, 
and the associated results have been B-flagged. Three MS/MSD samples (SB-36 0-2, BB-08W, 
and TS-07 4-6) had high recoveries for SVOCs, and the associated results have been flagged 
with "Fl" to indicate that they may be biased high. Three MS/MSD samples (BB-08W, 
SB-48 0-2, and SB-60W) had low recoveries for SVOCs, and the associated results have been 
flagged with "Fl" to indicate that they may be biased low. In one MS/MSD sample (SB-48 0-2), 
the RPD for pentachlorophenol exceeded the acceptance limit; the associated result was flagged 
with "F2." 
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Several samples were diluted because the sample matrix was dark and oily or because of the 
abundance of target analytes, resulting in elevated RLs. Recovery of PCB Aroclor 1260 in the 
MS/MSD of BB-08W was below acceptance limits, and the associated results have been flagged 
with "FI" to indicate that they may be biased low. Recovery of PCB Aroclor IO 16 in the 
MS/MSD of UB-0 I 5-7 was above acceptance limits, and the associated results have been 
flagged with "FI" to indicate that they may be biased high. 

Metals 

Several samples were diluted to bring the concentration of target analytes within the calibration 
range or due to the nature of the sample matrix, resulting in elevated RLs. Several metals were 
detected in MB samples at concentrations greater than the MDL but less than the RL; associated 
results have been B-flagged. Seventeen MS/MSD samples had low recoveries of one or more 
metals, and the associated results have been flagged with "FI'' to indicate that they may be 
biased low; these samples are SB-02 13-15, UB-04 0-2, UB-01 5-7, SB-03 13-15, DUP-07, 
BB-08S, BB-08W, SB-05 0-2, SB-44 0-2. LF-08 65-67, AN-02 8-10, SB-35 9-11, TS-07 4-6, 
SB-46 0-2, LB-03 0-2. SB-60 12-14, and LF-05 0-2. Seventeen MS/MSD samples had high 
recoveries of one or more metals and associated results have been flagged with ''FI" to indicate 
that they may be biased high; these samples are SB-02 13-15, UB-04 0-2, UB-01 5-7, 
SB-03 13-15, DUP-07. BB-08W, SB-44 0-2, LF-08 65-67, AN-02 8-10, SB-08 6-8, SB-35 9-1 l, 
SB-35 9-11, TS-07 4-6, SB-46 0-2, LB-03 0-2. SB-60 12-14, and LF-05 0-2. MS/MSD samples 
for which the RPO acceptance criteria were exceeded for one or more metals are as follows: 
SB-02 13-15, UB-04 0-2, UB-01 5-7, SB03 13-15, DUP-07, BB-08W, SB-05 0-2. SB-44 0-2, 
LF-08 65-67. SB-35 9-1 I, SB-35 9-11, TS-07 4-6, SB-46 0-2, SB-60 12-14, and LF-05 0-2; the 
associated results have been flagged with "F2.'' 

TPH-DRO 

TPH-DRO was detected in several MBs at a concentration greater than the MDL but less than 
the RL; the associated result values have been B-tlagged. Samples SB-19 0-2, SB-21 0-2, OWS-
03 02, SS-0 I 0-2, SS-0 I 6-8, Dup-07, SB-44 0-2. and LF-2 2-4 required dilution prior to 
analyses, and the reporting limits have been adjusted accordingly. Recovery ofTPH-DRO in the 
MS of sample LF-05 42-44 exceeded acceptance limits, and the results have been flagged with 
"Fl.'' 

TPHGRO 

Gasoline range organics (C6-C-l 0) were detected in several MBs at a concentration greater than 
the RL, and results have been B-flagged. 
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Samples UB-06-08S and MB 01-0SS were diluted five-fold due to the analyte levels, resulting in 
elevated RLs. Several samples had \1B detections, and the associated results have been 
B-flagged. 

Gamma-Emitting Radionuc/ides 

No QC issues were identified. 

Chromium Speciation 

No QC issues were identified. 

TCLP Metals 

Barium and silver were detected in four MB samples at concentrations that were greater than the 
MDL but less than the RL. The associated results have been B-flagged. 

Findings 

The data were obtained using approved methods and procedures and the data met the DQOs 
developed for this investigation. The analytical results for this sampling event met overall 
project objectives for the quantity and quality of data required to support the decision-making 
process and reporting activities of this investigation. 

Cristal USA Facility Phase II Environmental Site Assessment Report 



EA Engineering, Science, and Technology, Inc., PBC 

EA Project No.: 15061.06 
Version: FINAL 

Page 3-20 
November 2015 

This page intentionally lefi blank 

Cristal USA Facility Phase II Environmental Site Assessment Report 



EA Engineering, Science, and Technology, Inc., PBC 

4. RESULTS AND DISCUSSION 

EA Project No.: 15061.06 
Version: FINAL 

Page 4-1 
November 2015 

Results of the investigation are discussed by task in the following order: geophysical 
investigation (Section 4.1 ); upland soil and groundwater sampling (Section 4.2); and soil. 
sediment, and surface water sampling from the basins (Section 4.3). 

4.1 GEOPHYSICAL SURVEYS AND ADDITIONAL FINDINGS 

Based on the prior literature review. additional information provided by Site representatives. and 
new observations made during the field investigation, EA conducted GPR and EM-31 
geophysical surveys in 13 areas of suspect/potential US Ts and other features of interest 
(proximate to Soil Borings SB-04, SB-05, SB-06, SB-I 9, SB-20, SB-21, SB-24, SB-38, SB-40, 
SB-4I, AN-I3, the Western OWS area, and the Spent Solvent Storage area). The GPR and EM-
31 were also used during the process of utility clearance and therefore the geophysical survey 
areas were extended near DPT locations to provide additional coverage for the UST surveys. 
Figures 2-1, 4-1, and 4-2 (Appendix A) indicate the location of the geophysical survey areas. 
The results of the geophysical surveys and additional findings are summarized below. 

SB-04: One area proximate to SB-04 was surveyed based on observations made while the 
investigation was underway. A network of trench drains in the concrete along the former 
Anatase Slurry Plant, adjacent to the existing service road, was surveyed to provide additional 
information regarding these features. According to Mr. Andy Shinnick (the Millennium 
Chemical Construction Supervisor) and Mr. Frank Martin (the Millennium Chemical Site 
Supervisor) the drains were either pumped out manually or discharged into the storm drains, 
which then lead to a nearby sump. The survey area adjacent to the south of SB-04 measured 
approximately I ,000 square feet (ft\ No anomalies or evidence of US Ts was observed in this 
area. 

SB-05: One area proximate to SB-05 was surveyed based on information obtained while the 
onsite activities were underway. According to Mr. Andy Shinnick, a vault housing two 
underground chemical storage tanks was previously located along the northeast portion of the 
former Sulfate Finishing Building; the vault and/or tanks were reportedly filled in place. The 
survey area adjacent to the south of SB-05 measured approximately 1,000 ft2

. No anomalies or 
evidence of USTs were observed in this area. 

SB-06: One area proximate to SB-06 was surveyed based on the indication of storage tanks at 
that location, depicted east of the North Calciner Building on a I 988 Tank Location Plan Map of 
the facility (TME 2012). The survey area adjacent to the south of SB-06 measured 
approximately 900 ft2

• No anomalies or evidence ofUSTs were observed in this area. 
Additional information provided by Site representatives confirmed that the tanks formerly 
located in this area were ASTs. 

SB- I 9: An area proximate to SB- I 9 was surveyed based on the indication of storage tanks in 
that vicinity on a 1988 Tank Location Plan Map of the facility (TME 2012). The survey area 
measured approximately I ,600 ft2

. Within this area, one anomaly was identified as a potential 
former UST location (Figure 4-I ). The anomaly measured 6 ft by 16 ft, and appeared consistent 
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with the GPR signature of disturbed subsurface soil, such as a previous excavation. Based on the 
detection of this anomaly, the nearest proposed soil sample location (SB-19) was relocated 
proximal to the suspect former UST location. 

SB-20: One area proximate to SB-20 was surveyed based on the presence of fill and vent pipes 
at that location. According to Mr. Andy Schinnick, the UST at this location has not been 
abandoned or excavated. The survey area surrounding the vent and fill pipes measured 
approximately 800 ft2

• The exact boundary of the suspect UST was unable to be determined due 
to the presence of standing water, which filled a depression, measuring approximately 5 ft by 
10 ft, immediately surrounding the vent and fill pipes. No anomalies were identified and the 
tank edges were not visible in the scans; this may indicate that the UST is situated within the area 
where standing water was present. Based on the assumed presence of the UST, the nearest 
proposed soil sample location (SB-20) was relocated proximal to the suspect UST (Figure 4-1 ). 

SB-21: One area proximate to SB-21 was surveyed based on the indication of storage tanks at 
that location on a 1988 Tank Location Plan Map of the facility (TME 2012). The survey area 
adjacent to SB-21 measured approximately 3,200 ft2

• Two anomalies were detected; one 
appeared consistent with the GPR signature of disturbed subsurface soil, such as a previous 
excavation, and the other anomaly was identified as a potential UST (Figure 4-1 ). The suspect 
UST measured 10 ft by 25 ft, was estimated to be 3.5 ft to 4 ft bgs, and appeared consistent with 
the GPR signature of a UST that was filled in place with concrete or grout. Based on the 
detection of this anomaly, the nearest proposed soil sample location (SB-21) was relocated 
proximal to the suspect UST. 

SB-24: One area proximate to SB-24 was surveyed based on the indication of storage tanks at 
that location on a 1988 Tank Location Plan Map of the facility (TME 2012). The survey area 
adjacent to the north of SB-24 measured approximately 400 ft2. No anomalies or evidence of 
USTs were observed: however, support structures for a former AST remain in this area. 

SB-38: One area proximate to SB-38 was surveyed based on the indication of storage tanks and 
a fueling area at that location on a 1988 Tank Location Plan Map of the facility (TME 2012). 
This survey was originally proposed for SB-39, but based on a re-evaluation of the Site maps and 
features the survey area was relocated to SB-38. The survey area surrounding SB-38 measured 
approximately 3,200 ft2

• No anomalies or evidence of US Ts were observed; however, an AST 
remains in this area. 

SB-40 (Eastern OWS Area): One area proximate to SB-40 was surveyed based on the presence 
of an underground steel OWS tank and associated piping at that location. According to Mr. 
Frank Martin, the tank was installed in 2000, along with the adjacent gas turbines and a 
secondary aboveground concrete OWS to be used as a backup system. The survey area adjacent 
to SB-40 measured approximately 1,600 ft2

• The boundary of the underground OWS tank 
(Figure 4-2) measured approximately 6 ft by 12 ft, was estimated to be at least 3 ft bgs, and 
appeared consistent with the GPR signature of a UST. The underground tank has three steel 
stickup features that measure 32 in. above the ground surface and approximately 90 in. total 
depth. Based on the detection of this anomaly, the nearest proposed soil sample location (SB-40) 
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was relocated proximal to the underground steel OWS tank. Soil Boring SB-61 was added 
immediately adjacent to the aboveground vault and associated subsurface piping. 

SB-41: One area proximate to SB-41 was proposed for a survey based on the indication of 
storage tanks at that location on a 1988 Tank Location Plan Map of the facility (TME 2012). 
The survey area surrounding SB-41 measured approximately 400 ft2

• No anomalies or evidence 
of US Ts were observed; however, the tanks in this location were apparently AS Ts, as confirmed 
by Site representatives and evidenced by two large containment berms that remain in this area. 

AN-13: One area proximate to AN-13 was surveyed based on the indication of storage tanks at 
that location on a 1988 Tank Location Plan Map of the facility (TME 2012). The survey area 
surrounding AN-13 measured approximately 400 ft2

. No anomalies or evidence ofUSTs were 
observed; however, the tanks in this location were apparently ASTs, as confirmed by Site 
representatives and evidenced by a containment berm that remains in the area. 

Western OWS Area: One area surrounding soil borings OWS-01, OWS-02, OWS-03, and 
OWS-04 was surveyed based on the discovery of an underground concrete OWS vault and 
associated piping at that location. The vault was covered with a metal lid and contained an 
estimated 1,000 gallons of oil. According to Mr. Frank Martin, the OWS vault was associated 
with the former Air Compressor building. The survey area surrounding the vault measured 
approximately 5,400 ft2 (Figure 4-1 ). The survey grid also included water utility lines and a 
fenced area containing a compressed air pipeline, and various (out of service) pipeline stickups. 
The pipelines and other underground features were mapped in order to provide borehole 
clearance in advance of the drilling phase to facilitate delineation of any impacts potentially 
encountered. 

Spent Solvent Storage Area (Focus Area B): The investigation of the Spent Solvent Storage area 
(Figure 4-2) was initially proposed to characterize the elevated containment and the area 
immediately adjacent to the structure described in Section 2.3.2. Two locations were proposed 
within the containment area and four locations were proposed for the areas immediately adjacent. 
GPR/EM surveys conducted proximate to each proposed soil boring location as part of the utility 
clearance phase of the investigation indicated that the concrete containment structure was 
reinforced with a re-bar or re-mesh component and the surrounding subsurface contained 
potential shallow obstructions. 

During the drilling phase of the investigation, the DPT rig was unable to penetrate more than 
2 in. into the reinforced concrete due to the presence of the re-bar; after three unsuccessful 
attempts within the containment, it was decided to relocate the two locations that had been 
proposed for completion inside the containment to the grassy areas west and north of the 
containment. For the adjacent areas, three soil borings were successfully completed; however, 
the DPT rig encountered refusal at depths ranging from I ft to 4 ft bgs during six attempts to the 
west and north of the containment. Ultimately, the three borings were located further northwest 
to characterize soils associated with other (similar) features. SS-02 was relocated to the 
southwest corner of the former Chemical Warehouse. SS-03 was relocated to southeast corner of 
the former Chemical Warehouse, at a location where impacts to surface soils were observed. 
SS-04 was relocated east of the former Chemical Warehouse, at a location where trench drains 
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were observed immediately adjacent to a former AST depot, as indicated on the 1988 Tank 
Location Plan Map of the facility (TME 2012). 

4.2 UPLAND SOIL AND GROUNDWATER 

Screening of analytical results for soil and groundwater is presented in Appendix 0. 
Concentrations of analytes other than dioxins/furans in soil are screened against the MOE Non
Residential Soil Cleanup Standards (MOE 2008), based on expected future uses of the Site and 
of Site soil. Anticipated Typical Concentrations (A TCs) are also used in screening arsenic, 
chromium, and thallium concentrations in soil (MOE 2008). Concentrations of analytes other 
than dioxins/furans in groundwater are screened against the MOE Groundwater Cleanup 
Standards (MOE 2008). 

Toxic equivalency quotients (TEQs) for dioxin/furan results were calculated according to 
USEPA guidance (USEPA 2013a), by summing the products of the individual compound 
concentrations and their World Health Organization 2005 toxic equivalency factors (Van den 
Berg et al. 2006). TEQs were screened against the USEPA Industrial Regional Screening Level 
(RSL) for soil and the USEPA Maximum Contaminant Level (MCL) for groundwater. 

Tables summarizing exceedances of the MOE Cleanup Standards and dioxin/furan screening 
criteria are presented in this section. 

Results are discussed by AOC. in the following order: Former Titanium Storage area 
(Section 4.2.1 ), Spent Solvent Storage area (Section 4.2.2), PW AN/SW AN area (Section 4.2.3). 
and Landfill areas (Section 4.2.4). As stated in Section 3.2.6, the Site-wide sampling locations 
were divided among four additional Upland Areas for the purposes of data analysis and 
discussion (Figure 2-1). These Upland Areas are addressed following the AOCs: Northwest 
(Section 4.2.5), West-Central (Section 4.2.6), East-Central (Section 4.2.7), and South 
(Section 4.2.8). Section 4.2.9 presents a discussion of the results from soil and groundwater 
sampling in all of the upland areas. 

4.2.1 Former Titanium Ore Storage Area (Focus Area A) 

Ten soil borings were advanced throughout the Former Titanium Ore Storage area to evaluate 
both soil chemistry and radiological conditions. 

Soil Chemical Assessment 

One shallow and one subsurface soil sample for chemical analysis were collected from 5 of the 
IO borings (TS-02, TS-04, TS-06, TS-07, and TS-08), and only a shallow sample was collected 
from the other 5 borings (TS-01, TS-03, TS-05, TS-09, and TS-10), for a total of 15 soil samples. 
The soil samples were submitted for laboratory analysis of one or more of the following: TAL 
metals, pH, SVOCs/PAHs, and PCBs. One additional sample was composited from aliquots of 
shallow soil from each of the sample locations and submitted for laboratory analysis of 
dioxin/furans. TCLP metals analysis was performed on subsurface soil from location TS-06, due 
to elevated total metals concentrations. Results indicate that soil in this area is minimally 
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impacted with metals and PAHs. Results exceeding the MOE Non-Residential Cleanup 
Standards are summarized in the following bullets and also in Table 4-1. 

• Metals: Arsenic concentrations in soil slightly exceeded the MOE Non-Residential 
Cleanup Standards and the ATCs, with the highest concentration (5.9 milligrams per 
kilogram [mg/kg]) in shallow soil from location TS-03. Vanadium concentrations also 
exceeded the MOE Non-Residential Cleanup Standard in soil from locations TS-04, 
TS-07, TS-09, and TS-I 0, with the highest concentration ( 440 mg/kg) at TS-10, the 
southernmost location. Although total lead did not exceed the cleanup standard, TCLP 
analysis of the shallow soil from TS-06 indicated leachable lead at 91 milligrams per liter 
[mg/L], in excess of the RCRA TCLP threshold of5 mg/L. 

• PAHs: Benzo(a)pyrene was reported at a concentration exceeding the MOE Non-
Residential Cleanup Standard in shallow soil from location TS-OJ. 

The pH of soil samples from this area ranged from 4.06 to I 1.9, with an average pH of 8.2 for 
shallow soil and 5.59 for subsurface soil. No SVOCs or PCBs were reported at concentrations 
exceeding MOE Non-Residential Cleanup Standards. 

Chromium speciation analysis was also performed on subsurface soil from location TS-06 (13 to 
15 ft depth), and indicated that the chromium is present in the hexavalent form. The chromium 
results do not indicate any exceedances of MOE cleanup criteria in this area. 

Table 4-1 Summary of Analytes Exceeding MDE Cleanup Standards in Soil Samples 
from the Former Titanium Ore Stora!!e Area (n = 15) 
MDENon- Mean 
Residential Concentration in 
Standard Number of Maximum Location of Shallow and 

Anal\/le IATCl Units Exceedances1a) Concentration Maximum (Subsurface) Soil(b) 

.\1ctals 
Arsenic I 3.0 (3.6) mg/kc 4 I 7.3 TS-06 (ss) I 3.1 (3.7) 

Vanadium I 100 mg/kg 4 I 440 TS-10 (s) I 131 (109) 

PAIis 
Benzo(a)ovrene 0.39 mg/kg I I 1.4 TS-01 (s) I 0.162 (0.013) 

(a) For arsenic. numbers reflect exceedances of both the MDE non-residential standard and the ATC. 
(b) Mean concentrations are calculated using the reporting limit for non-detect rnlues. 

NOTES: ATC - Anticipated typical concentration for Eastern Maryland. as published by MOE. 
MDE ~ Maryland Department of the Environment. 
mg/kg ~ Milligram(s) per kilogram. 
n ~ Number samples analyzed. 
s ~ Shallow soil. 
ss ~ Subsurface soil. 

Radiological Assessment 

Radiation field-screening surveys were completed at three background locations and throughout 
the Former Titanium Ore Storage area. Average direct readings were recorded in 
microroentgens per hour (µR/hr) (Table 4-2). 
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Average background readings at the three locations selected to represent background conditions 
at the Site ranged from 7 .5 to 15 µR/hr. Ambient background from natural terrestrial and cosmic 
radiation worldwide typically ranges from 7 to 23 µR/hr (United Nations 2010). 

Table 4-2 Radiological Survey aud Analytical Results for the Former Titanium 
s tora~e Area and Back<'round Areas 

Average Thorium Decav Series Uranium Decav Series 
Direct 

Reading K-40 Ac-228 Pb-212 Tl-208 Bi-214 Pb-214 
Location (µR/hr) tnCif•l inCj/n\ /nCi/•l (nCi/•l fnCi/e\ lnCif•' 

SB-09 14 5.86 1.00 0.918 0.24 0.681 0.633 
(hackoround) 
SB-59 15 4.4 1.42 1.45 0.578 1.14 1.14 
(hackaround) 
SB-60 7.5 -- 0.374 0.303 0.148 0.281 --
(backoround) 
TS-01 9.5 6.6 0.935 1.07 0.431 0.784 0.979 

TS-02 20 4.68 l.33 1.01 0.379 1.03 1.11 

TS-03 14 2.99 1.03 0.627 0.218 0.443 0.604 

TS-04 10 2.82 1.16 0.867 0.260 1.98 2.02 

TS-05 I 15 3.66 5.69 5.63 2.00 6.39 6.62 ! 
TS-06 15 4.78 2.58 2.34 0.673 I 6.11 6.67 

TS-07 15 -- 1.82 1.84 0.689 0.422 0.628 

TS-08 9 7.84 1.24 1.22 0.388 0.786 1.00 

TS-09 15 -- 9.36 8.65 2.72 ' 1.3 1.72 I 
TS-10 18 3.93 -- 0.832 0.214 0.606 0.725 

Direct readings represent average values measured at each location. 

NOTES: -- ..• Isotope not detected. 
pCi/g ~ PicoCuries per gram. 
,oRfhr ~ Microroentgen per hour. 

Radiation survey measurements conducted throughout the AOC (Focus Area A). including at 
each of the proposed sample locations. were generally consistent with background 
measurements. Average direct readings at locations within the Former Titanium Ore Storage 
area ranged from 9 µR/hr (TS-08) to 20 µR/hr (TS-02). 

Naturally occurring isotopes, including potassium-40 and isotopes in the uranium and thorium 
decay series, were detected by laboratory gamma spectroscopy on shallow soil samples from the 
surveyed locations (Table 4-2). The majority of detected radionuclide concentrations are less 
than 5 picoCuries per gram (pCi/g). Potassium-40 was reported at a concentration exceeding 5 
pCi/g in three samples, including the background sample from SB-09. Reported concentrations 
of isotopes in the uranium and/or thorium decay series exceeded 5 pCi/g in samples from 
locations TS-05, TS-06, and TS-09. No concentrations exceeded 10 pCi/g. 
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The results of the radiological analyses are generally consistent with the previous finding that 
radiological activity levels in the Fonner Titanium Ore Storage area are consistent with 
background levels (TME 2012). The slightly elevated levels of isotopes in the uranium and 
thorium decay series may be attributable to inputs from the titanium ore stored in this area. 

4.2.2 Spent Solvent Storage Area (Focus Area B) 

Soil Sam pies 

Six soil borings were advanced in the Spent Solvent Storage area (SS-01 to SS-06) to evaluate 
soil and groundwater chemistry. Two soil samples for chemical analysis were collected from 
each boring, including a shallow sample and a subsurface sample, for a total of 12 soil samples. 
The soil samples were submitted for laboratory analysis for one or more of the following: T AL 
metals, pH, VOCs, SVOCs/PAHs, PCBs, and TPH ORO/GRO. One additional sample was 
composited from aliquots of shallow soil from each of the sample locations and submitted for 
laboratory analysis of dioxin/furans. TCLP metals analysis was performed on shallow soil from 
location SS-06, due to elevated total metals concentrations. Results indicate that soil in this area 
is moderately impacted with metals, TPH-ORO, and PAHs. Results exceeding the MOE Non
Residential Cleanup Standards are summarized in the following bullets and also in Table 4-3. 

• Metals: Arsenic concentrations in soil slightly exceeded the MOE Non-Residential 
Cleanup Standards and the A TCs, with the highest concentration ( 11 mg/kg) in 
subsurface soil from location SS-04 ( 13 to 15 ft depth). Iron and vanadium 
concentrations also exceeded the MOE Non-Residential Cleanup Standards in subsurface 
soil from location SS-04. Lead was reported at a concentration exceeding the MOE Non
Residential Soil Cleanup Standard in shallow soil ( I to 3 ft depth) from location SS-06, 
and also was elevated in subsurface soil at this location. TCLP analysis was performed 
on this sample, but did not indicate any metals exceeding the RCRA TCLP threshold. 

• Total Petroleum Hydrocarbons: TPH-ORO was reported at concentrations exceeding the 
MOE Non-Residential Soil Cleanup Standard in both soil samples collected from 
location SS-0 I (0 to 2 ft and 6 to 8 ft depth). A slight petroleum odor and visual staining 
were observed in the 7 to 8 ft interval at those locations. 

• PAHs: Benzo(a)pyrene was reported at concentrations exceeding the MOE Non
Residential Cleanup Standard in subsurface soil (6 to 8 ft depth) from location SS-01, and 
in shallow soil from location SS-02. 

The pH of soil samples from this area ranged from 3.95 to 8.77, with an average pH of8.61 for 
shallow soil and 5.66 for subsurface soil. No VOCs or PCBs were reported at concentrations 
exceeding MOE Non-Residential Cleanup Standards. 
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Table 4-3 Summary of Analytes Exceeding MDE Cleanup Standards in Soil 
Samoles from the Soent Solvent Stora!!e Area (n = 12 

MDENon- Mean 
Residential Concentration in 
Standard Number of Maximum Location of Shallow and 

Analvte /ATC! Units Exceedances<a> Concentration Maximum (Subsurface\ Soil{b) 
Metals 

Arsenic 3.0 (3.6) mg/kg 7 II SS-04 (ss) 3.3 (5.6) 
Iron 72.000 me/kg I 87.000 SS-04 (ss) 14.100 (29.300) 
Lead 1.000 mg/kg I 4.300 SS-06 (s) 728 (28) 
Vanadium 100 mg/kg I 110 SS-04 (ss) 34 (55) 

Petroleum lhdrocarbons 
TPH-DRO 620 I mg/kg I 2 3.600 SS-01 (ss) I 437 (1,760) 

PAHs 
Bcnzo(a)ovrene 0.39 I mg/kg 2 I. I SS-02 (s) I 0.26 (0.12) 
(a) For arsenic. numbers reflect exccedanccs of both the MDE non~residential standard and the ATC. 
(b) Mean concentrations are calculated using the reporting limit for non~detect values. 

NOTES: ATC ~ Anticipated typical concentration for Eastern Maryland. as published by MDE. 
MOE - Maryland Department of the Environment. 
mg/kg ~ Milligram(s) per kilogram. 
n ~ Number samples analyzed. 
PAH ~ Polycyclic aromatic hydrocarbon. 
s ~ Sha!kw..- soil. 
ss - Subsurface soil. 
TP!-1-DRO ~ Total Petroleum Hydrocarbons-Diesel Range Organics. 

Groundwater Samples 

Two groundwater samples were collected from the Spent Solvent Storage area, at locations 
SS-03 and SS-05. Samples were analyzed for TAL metals. pH. VOCs. SVOCs. PCBs. and 
dioxins/furans. Results exceeding the MDE Cleanup Standards are summarized in the following 
bullets and also in Table 4-4. 

• Metals: The reported concentrations of aluminum, arsenic, iron. lead, manganese, and 
vanadium exceeded MDE Cleanup Standards at SS-03. At SS-05. aluminum. iron, and 
manganese concentrations exceeded the MOE Cleanup Standards. 

• VOCs: The reported concentration of 1.2-dichloroethene in the sample from location 
SS-05 exceeded the MDE Cleanup Standard. 

The pHs of the groundwater samples from this area were 6.65 (SS-05) and 6.88 (SS-03). 
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Table 4-4 Summary of Analytes Exceeding MDE Cleanup Standards in Groundwater 
Samnles from the Suent Solvent Stora!!e Area (n = 2) 

MDE Number of Maximum Location of Mean Concentration in 
Analvte Standard Units Exceedances Concentration Maximum Groundwater<a) 

Metals 
Aluminum 50 µg/L 2 7.200 SS-03 3.905 

Arsenic JO µv/L I 16 SS-03 12 

Iron 300 µg/l. 2 47.000 SS-03 42500 

Lead 15 µe/L I 23 SS-03 14 

Manganese 50 µg/L 2 680 SS-05 455 

Vanadium 3.7 µg/L I 56 SS-03 79 

voes 
1,2-dichloroethene 5.5 µg/L I I 12 SS-05 6.5 

(a) Mean concentrations are calculated using the reporting limit for non-detect values. 

NOTES: µg/L - Micrograms per liter. 
MDE - Maryland Department of the Environment. 
n - Number samples anal)zed. 
voe - Volatile ornanic comoound. 

4.2.3 PW AN/SW AN Area (Focus Area C) 

Soil Sam pies 

Thirteen soil borings (AN-01 through AN-13) were advanced in the PW AN/SW AN area to 
evaluate soil and groundwater chemistry. Two soil samples for chemical analysis were collected 
from each boring, including a shallow sample and a subsurface sample, for a total of26 soil 
samples. The soil samples were submitted for laboratory analysis of TAL metals. pH. YOCs, 
SYOCs/PAHs, PCBs, and TPH ORO/GRO. One additional sample was composited from 
aliquots of shallow soil from each of the sample locations and submitted for laboratory analysis 
of dioxin/furans. TCLP metals analysis was performed on shallow soil from location AN-06. 
due to elevated total metals concentrations. Results indicate that soil in this area is moderately 
impacted with metals and PAHs. Results exceeding the MOE Non-Residential Cleanup 
Standards are summarized in the following bullets and also in Table 4-5. 

• Metals: Arsenic concentrations in soil exceeded the MOE Non-Residential Cleanup 
Standards and the A TCs. with the highest concentration (220 mg/kg) in shallow soil from 
location AN-06 (0 to 2 ft depth). Shallow soil from location AN-06 also contained 
antimony, lead. and mercury at concentrations exceeding the MOE Non-Residential 
Cleanup Standards. TCLP analysis of the shallow soil from AN-06 indicated Jeachable 
lead at 48 mg/L, in excess of the RCRA TCLP threshold of 5 mg/L. Ten other soil 
samples (shallow and subsurface) also contained antimony at concentrations exceeding 
the MOE Non-Residential Cleanup Standards. Shallow soil from location AN-I I (0 to 
2 ft depth) contained chromium and vanadium at a concentration exceeding the MOE 
Non-Residential Cleanup Standards; five other samples contained vanadium at lower 
concentrations that also exceeded the cleanup standard. 

• PAHs: Four PAHs were reported at concentrations exceeding the MOE Non-Residential 
Cleanup Standards in shallow soil (0 to 2 ft depth) from locations AN-06 and/or AN- I 0, 
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with the higher concentrations at location AN- I 0. Location AN- IO is adjacent to a 
generator and substation. 

No VOCs, TPH ORO/GRO, or PCBs were reported at concentrations exceeding MOE Non
Residential Cleanup Standards. 

The pH of the soil samples in this acid neutralization area was variable, with generally lower pH 
in the subsurface. Shallow soils had an average pH of 6.61 (range: 3.82 to 9.30), while 
subsurface soils had an average pH of 4.93 (range: 2.48 to 8.36). The only shallow soil with pH 
below 4 was from location AN- I 2, and the only location with shallow or subsurface soil pH 
greater than 8 was AN-13. 

Table 4-5 Summary of Analytes Exceeding MOE Cleanup Standards in Soil Samples 
from the PW AN/SWAN Area <n = 26) 

MOE Non- Mean 
Residential Concentration in 
Standard Number of Maximum Location of Shallow and 

Analute IATCl Units Exceedances<a) Concentration Maximum {Subsurface) Soil(bJ 
:\'1etals 

Antimonv 41 nw/kt, 11 740 AN-12 (s) 163(120) 
Arsenic 3.0 (3.6) mn/ko 21 220 AN-06 (s) 26 (25) 
Chromium 310 (28) nrn./k2: I 810 AN-I I (s) 96 (29) 
Lead 1.000 m.a/kP I 7.100 AN-06 (s) 632 (86) 
Mercul} 10 me/ke I 22 AN-06 (s) 1.8 (0.092) 
Vanadium 100 nrn/ku 6 2.100 AN-I I (sl 234(63) 

PAils 
Benzo( a)anthracene 3.9 nrn:/b, I 7.5 AN-10 (s) 0.83 (0.037) 
Bcnzo(a)m·rene 0.39 m••lkv 2 5.2 AN-10 (s) 0.61 (0.029) 
Benzo(b )tluoranthcne 3.9 me/ke I 6.3 AN-10 (s) 0.76 (0.036) 

jihenz(a.h)anthracene 0.39 ffiP/kP 2 I. I AN-10 (s) 0.14 (0.011) 

(a) For arsenic and chromium. numbers reflect exceedances of both the MDE non-residential standard and the ATC. 
(b) Mean concentrations are calculated using the reporting limit for non-detect values. 

NOTES: ATC - Anticipated typical concentration for Eastern Maryland. as published by MDE. 
MDE - Maryland Department of the Environment. 
mg/kg - Milligrams per kilogram. 
11 - Number samples analyzed. 
PAils - Polycyclic aromatic hydrocarbon. 
s - Shallow soi!. 

Groundwater Samples 

Two groundwater samples were collected from the PW AN/SWAN area, at locations AN-04 and 
AN-13. Samples were analyzed for TAL metals, pH. VOCs, SVOCs, PCBs, and dioxins/furans. 
Results exceeding the MOE Cleanup Standards are summarized in the following bullet and also 
in Table 4-6. 

• Metals: The reported concentrations of arsenic, iron, and manganese exceeded MOE 
Cleanup Standards at AN-13. At AN-04, aluminum and manganese concentrations 
exceeded the MOE Cleanup Standards. 
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The pHs of the groundwater samples from this area were 6.47 (AN-13) and 6.63 (AN-04). 

Table 4-6 Summary of Analytes Exceeding MDE Cleanup Standards in Groundwater 
Samnles from the PW AN/SWAN Area (n = 2) 

MDE Number of Maximum 
Analvte Standard Units Exceedaoces Concentration 

Metals 
Aluminum 50 µg/L I 340 

Arsenic JO µg/L I 47 

Iron JOO µg/L I 21,000 

Manganese 50 µg/L 2 85 

(a) Mean concentrations are calculated using the reporting limit for non-detect values. 

NOTES: µg/L ~ Micrograms per liter. 
n ~ Number samples analyzed. 
MDE ~ Marv land Denartment of the Em·ironment. 

4.2.4 Landfill Area 

Soil Sam pies 

LOcation of 
Maximum 

AN-04 

AN-13 
AN-13 
AN-04 

Mean Concentration 
in Groundwate.-fa) 

188 
24 

I0.527 
81 

Eleven soil borings were advanced in the Landfill area to evaluate soil and groundwater 
chemistry (LF-01 through LF-10 and SB-60, which was installed to the southwest of the landfill 
stormwater pond). Two soil samples for chemical analysis were collected from each boring, 
including a shallow sample and a subsurface sample, for a total of 22 soil samples. The soil 
samples were submitted for laboratory analysis of T AL metals, PAHs, pH, VOCs, PCBs, and/or 
TPH ORO/GRO. Within each of the Landfill Areas (I through 4), one additional sample was 
composited from aliquots of shallow soil (for Areas I and 2) or subsurface soil (for Areas 3 and 
4) from each of the sample locations and submitted for laboratory analysis of dioxin/furans. 
Results indicate that soil in this area is moderately impacted with metals and PAHs. Results 
exceeding the MOE Non-Residential Cleanup Standards are summarized in the following bullets 
and also in Table 4-7. 

• Metals: Chromium, iron, manganese, and vanadium were reported at concentrations 
exceeding the MOE Non-Residential Cleanup Standard in subsurface soil from locations 
LF-05 (42 to 44 ft depth) and LF-06 (46 to 48 ft depth) in Area 3, as well as LF-09 (44 to 
46 ft depth) in Area 4. Manganese and vanadium also exceeded the cleanup standard in 
subsurface soil from location LF-02 ( 16 to 18 ft depth) in Area I, and vanadium exceeded 
cleanup standards at additional locations in Areas I and 2 (LF-01, LF-03, and LF-04). 
Arsenic concentrations marginally exceeded the MOE Non-Residential Cleanup 
Standards and the ATCs in Areas 2, 3, and 4, with the highest concentration (6.7 mg/kg) 
in subsurface soil from location LF-10 (73 to 75 ft depth). 

• PAHs: Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene. 
dibenz(a,h)anthracene, and indeno(l ,2,3-c,d)pyrene were reported at concentrations 
exceeding the MOE Non-Residential Cleanup Standards in soil from 2 to 4 ft depth at 
location LF-02. Benzo(a)pyrene also exceeded the cleanup level in the 16 to 18 ft 
interval from this location. 
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• Dioxins/Furans: The TEQ for the composite sample of shallow soil collected from Area 
I (locations LF-01 and LF-02) exceeded the USEPA RSL. 

No VOCs, TPH DRO/GRO, or PCBs were reported at concentrations exceeding MDE Non
Residential Cleanup Standards. 

Table 4-7 Summary of Analytes Exceeding MDE Cleanup Standards in Soil Samples 
from the Landfill Area (n = 22) 

MDENon- Mean 
Residential Concentration in 
Standard Number of Maximum Location of Shallow and 

Analvte /ATC\ Units Exceedances<a) Concentration Maximum <Subsurface) Soil(b) 
Metals 

Arsenic 3.0 (3.6) mg/ko 7 6.7 LF-10 (ss) 3.6 (3.2) 
Chromium 310 (28) m2:/kg 3 2.900 LF-06 (ss) 39(686) 
Iron 72.000 mglk11 3 120.000 LF-05 (ss) 15.200 (45.600) 
Manoancsc 2.000 me/kg 4 20.000 LF-05 (ss) 281 (5.480) 
Vanadium 100 m!!/k2: 8 7.600 LF-06 (ss) 74 (1.800) 

PAils 
Benzo( a )anthracenc 3.9 me/kg I 33 LF-02 (s) 3.4 (0.074) 

, Bcnzo(a)pyrene 0.39 ms/kg 2 24 LF-02 (s) 2.5 (0.058) 

i 

Benzo(b )fluoranthcne 3.9 me/kg I 27 LF-02 (s) 2.8 (0.072) 
Dibenz( a.h )anthraccnc 0.39 nrn:lki! I 5.2 LF-02 (s) 0.56 (0.020) 
lndcno( 1.2.3-c.d)nyrcne 3.9 mg/kg I 16 LF-02 (s) 1.7 (0.039) 

Dioxins/Furans 
Dioxin TEQ I 2ic) pt1/p I 37 I LF-01-02 I .. 
(a) For arsenic, numbers reflect cxceedanccs of both the MOE non~residcntial standard and the ATC 
(bl Mean concentrations arc calculated using the reporting limit for nnn~detect values. 
(c) USEPA Regional Screening Le\'el for Industrial Soil. January 2015. 

NOTES: ATC ~ Anticipated typical concentration for Eastern Maryland, as published by MDE. 
MDE ~ Maryland Department of the Environment. 
mg/kg ~ Milligram(s) per kilogram. 
n ~ Number samples analyzed. 
PAH ~ Polycyclic aromatic hydrocarbon. 
pg/g - Picograms per gram. 
s ~ Shallow soi!. 
ss ~ Subsurface soil. 
TEQ ~ Toxic eouiva!encv uuotient. 

Groundwater Samples 

One groundwater sample was collected from the Landfill area, at location SB-60. The sample 
was analyzed for TAL metals, pH, VOCs, SVOCs, PCBs, and dioxins/furans. Results exceeding 
the MDE Cleanup Standards are summarized in the following bullets and also in Table 4-8. 

• Metals: The reported concentrations of aluminum, iron, and manganese exceeded MDE 
Cleanup Standards. 

• PAHs: The reported concentrations of six PAI-ls exceeded MDE Cleanup Standards. 
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Table 4-8 Summary of Analytes Exceeding MDE Cleanup Standards in 
the Groundwater Sample from the Landfill Area (n = 1) 

MOE 
Analvte Standard Units Concentration 

Metals 
Aluminum 50 µg/L 2,500 

Iron 300 µg/L 1,400 

Manganese 50 µg/L 390 
PAHs 

Benzo(a)anthracene 0.2 µg/L 1.9 

Benzo(a)pyrene 0.2 µg/L 1.4 

Benzo(b )fluoranthene 0.2 µg/L 2.2 

Benzo(k )fluoranthene 0.3 µg/L 2.2 

Dibenz(a,h)anthracene 0.2 µg/L 2.1 

lndeno( 1,2,3-c,d)oyrene 4.8 µg/L 2.0 

NOTES: µg/L ~ Microgram(s) per liter. 
MDE ~ Maryland Department of the Environment. 
n ~ Number samples analyzed. 
PAH ~ Polvcvclic aromatic hvdrocarbon. 

4.2.5 Site-Wide Sampliug in the Northwest Upland Area 

Site-wide sampling in the Northwest Upland area included advancement of 17 soil borings (SB-I 
to SB-17). Two soil samples for chemical analysis were collected from each boring, including a 
shallow sample and a subsurface sample, for a total of 34 soil samples. The soil samples were 
submitted for laboratory analysis ofTAL metals, SVOCs/PAHs, pH, VOCs, PCBs, TPH 
DRO/GRO, and/or dioxin/furans. Results indicate that this portion of the Site is minimally 
impacted. Results exceeding the MDE Non-Residential Cleanup Standards are summarized in 
the following bullets and also in Table 4-9. 

• Metals: Arsenic concentrations in soil exceeded the MDE Non-Residential Cleanup 
Standards and the ATCs, with the highest concentration (19 mg/kg) in shallow soil from 
location SB-I 7. Iron and vanadium concentrations exceeded the MDE Non-Residential 
Cleanup Standards in subsurface soil from location SB-10 (13 to 15 ft depth). Shallow 
soil from location SB-04 also contained vanadium at a concentration exceeding the 
cleanup standard. The highest iron concentration was reported for subsurface soil from 
location SB-02 ( 13 to 16 ft depth). 

The pH of soil samples from this area ranged from 4.48 to 10.9, with an average pH of7.36 for 
shallow soil and 5.96 for subsurface soil. 
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Table 4-9 Summary of Analytes Exceeding MDE Cleanup Standards in Soil Samples 
from the Northwest Unland Area n = 34) 

MDENon- Mean 
Residential Concentration in 
Standard Number of Maximum Location of Shallow and 

Aoalvte 'ATC' Units Exceedances<a> Concentration Maximum /Subsurface\ Soit<•l 
Metals 

Arsenic 3.0 (3.6) me/ke 18 19 SB-l7(s) 5.6 (2.5) 
Iron 72.000 mo/ko 2 120.000 SB-02 (ss) 22,300 (30.900) 
Vanadium 100 Ol!l/h 2 180 SB-10 (ss) 45.1 (49.6) 
(a) For arsenic, numbers reflect exceedances of both the MOE non-residential standard and the ATC. 
(b) Mean concentrations are calculated using the reporting limit for non-detect values. 

NOTES: ATC ~ Anticipated typical concentration for Eastern Maryland, as published by MDE. 
MDE - Maryland Department of the Environment. 
mg/kg ~ Milligrams per kilogram. 
n ~ Number samples analyzed. 
s ~ Shallow soil. 
ss - Subsurface soil. 

4.2.6 Site-Wide Sampling in the West-Central Upland Area 

Site-wide sampling in the West-Central Upland area included advancement of 19 soil borings 
(SB-18 to SB-22, SB-25 to SB-27, SB-29 to SB-31, SB-36 to SB-39, and OWS-0 I to OWS-04). 

Soil Samples 

Two soil samples for chemical analysis were collected from each boring. including a shallow 
sample and a subsurface sample, for a total of 38 soil samples. The soil samples were submitted 
for laboratory analysis ofTAL metals, SVOCs/PAHs. pH, VOCs, PCBs, TPH DRO/GRO, 
and/or dioxin/furans. Results indicate that this portion of the Site includes areas of moderate soil 
impacts. Results exceeding the MDE Non-Residential Cleanup Standards are summarized in the 
following bullets and also in Table 4-10. 

• Metals: Arsenic concentrations in soil exceeded the MDE Non-Residential Cleanup 
Standards and the ATCs, with the highest concentration (25 mg/kg) in shallow soil from 
location SB-39, adjacent to the Upper Basin. The highest concentrations of chromium, 
magnesium, and vanadium were reported in subsurface soil (6 to 7 ft depth) from location 
SB-27. which is also adjacent to the upper basin. Other locations with exceedances of the 
MDE Non-Residential Cleanup Standards for chromium and/or vanadium included 
SB-20, SB-21, SB-22, and OWS-03, which are located to the north. 

• Total Petroleum Hydrocarbons: TPH-DRO concentrations in shallow soil (0 to 2 ft bgs) 
from locations SB-19 and OWS-03 exceeded the MDE Non-Residential Cleanup 
Standard. These locations, respectively, are adjacent to a potential former UST, 
identified through a GPR anomaly, and an OWS vault. A slight solvent odor was 
observed in the 3 to 5 ft interval at location OWS-03; no staining or odor was observed at 
SB-19. 
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• PAHs: The concentration ofbenzo(a)pyrene in shallow soil from location SB-36 slightly 
exceeded the MDE Non-Residential Cleanup Standard. 

The pH of soil samples from this area ranged from 2.85 to 11. with an average pH of7.23 for 
shallow soil and 5.08 for subsurface soil. 

Table 4-lO Summary of Analytes Exceeding MDE Cleanup Standards in Soil Samples 
from the West-Central Unland Area (n = 38) 

MDENon- Mean 
Residential Concentration in 
Standard Number of Maximum Location of Shallow and 

Analvte IATC) Units Exceedances<a) Concentration Maximum (Subsurface) Sou<b) 
;\Jetals 

Arsenic 3.0 (3.6) mo/ko 16 25 SB-39 (s) 4.8 (3.7) 

Chromium 310 (28) mg/ke 2 1.700 SB-27 (ss) 43 (174) 

Marn::rancse 2.000 me/ke I 5.300 SB-27 (ss) 205 (365) 

Vanadium JOO mg/kg 6 6.000 SB-27 (ss) 83 (496) 

Petroleum H,·drocarbons 
TPII-DRO I 620 I InP/kP 2 2.400 I OWS-03 (s) I 384 (16) 

PAHs 
Benzo( a )pyrcne I 0.39 I mo/ke I 0.4 I I SB-36 (sJ I 0.06 (0.0088\ = 
(a) For arsenic and chromium, numbers reflect exceedanccs of both the MDE nonMresidential standard and the ATC. 
(b) Mean concentrations are calculated using the reporting limit for non-detect values. 

NOTES: ATC - Anticipated typical concentration for Eastern Maryland, as published by MDE. 
MDE ~ Maryland Department of the E1n-ironmcnt. 
mg/kg ·- Milligram(s) per kilogram. 
11 ~ Number samples analyzed. 
PAH ~ Polycyclic aromatic hydrocarbon. 
s - Shallow soil. 
ss ~ Subsurface soil. 
TPH-DRO - Total Petroleum Hydrocarbons~Diesc! Range Organics. 

Groundwater Samples 

Three groundwater samples were collected from the West-Central Upland area, at locations 
SB-I 9, SB-20, and SB-30. Samples were analyzed for TAL metals, pH, VOCs, SVOCs, PCBs, 
and dioxins/furans. Results exceeding the MDE Cleanup Standards are summarized in the 
following bullets and also in Table 4-11. 

• Metals: The reported concentrations of aluminum, beryllium, iron, manganese, nickel 
and vanadium exceeded MDE Cleanup Standards in at least two of the samples. The 
highest reported concentrations of aluminum, manganese, and nickel were from location 
SB-30, adjacent to the Upper Basin. 

• SVOCs: The reported concentration ofbis(2-ethylhexyl)phthalate in the sample from 
location SB-30 exceeded the MDE Cleanup Standard. 

The pHs of the groundwater samples from this area were and 3.75 (SB-19), 7.04 (SB-20), and 
4.33 (SB-30). 
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Table 4-11 Summary of Aualytes Exceediug MOE Cleanup Standards in Groundwater 
Samnles from the West-Central Unland Area (n = 3) 

MOE Number of Maximum Location of Mean Concentration 
Analvte Standard Units Exceedances Concentration Maximum in Groundwater(aJ 

Metals 
Aluminum 50 µg/L 3 6.600 SB-30 3.367 
Bcl)'ilium 4 µg/L 2 8.9 SB-19 1.0 
[ron JOO µg/L 3 120.000 SB-19 59.700 
Manganese 50 µe/L J 2.000 SB-JO 1.159 
Nickel 73 µe/L 2 290 SB-30 139 
Vanadium 3.7 µ•/L 2 18 SB-20 10 

SVOCs 
Bis(2-ethy lhexy l)phthalate 6 µg/L I I 8.6 SB-30 I 4.9 

(a) Mean concentrations are calculated using the reporting limit for non-detect values. 

NOTES: µg/L ~ Micrograms per liter. 
MDE - Maryland Department of the Environment. 
n ~ Number samples analyzed. 
svoc ~ Semivolatile ornanic comnound. 

4.2.7 Site-Wide Sampling in the East-Central Upland Area 

Site-wide sampling in the East-Central Upland area included advancement of 17 soil borings 
(SB-23. SB-24, SB-28, SB-32 to SB-35, SB-40 to SB-45. SB-47. SB-52. SB-56, and SB-61 ). 

Soil Sam pies 

Two soil samples for chemical analysis were collected from each boring. including a shallow 
sample and a subsurface sample, for a total of 34 soil samples. The soil samples were submitted 
for laboratory analysis ofTAL metals, SVOCs/PAHs. pH, VOCs, PCBs. and/or TPH 
ORO/GRO. TCLP metals analysis was performed on shallow soil from location SB-32. due to 
elevated total metals concentrations. Results indicate that this portion of the Site includes areas 
of moderate soil impacts. Results exceeding the MOE Non-Residential Cleanup Standards are 
summarized in the following bullets and also in Table 4-12. 

• Metals: Arsenic concentrations in soil exceeded the MOE Non-Residential Cleanup 
Standards and the A TCs, with the highest concentration ( 43 mg/kg) in shallow soil from 
location SB-35, adjacent to the Batch Attack Basin. An exceedance of the MOE Non
Residential Cleanup Standard for iron was reported at SB-32, adjacent to the Upper 
Basin. Vanadium concentrations exceeding the cleanup standard were reported 
throughout this portion of the Site (at locations SB-28, SB-32, SB-34, SB-35, SB-44, 
SB-56, and SB-61), and antimony exceedances were reported at SB-43, SB-45, SB-47. 
and SB-61. An anomalously high concentration of chromium (2. 700 mg/kg) was 
reported in the duplicate shallow soil sample from location SB-32, while the parent 
sample had a reported chromium concentration of 32 mg/kg. The duplicate result was the 
only reported exceedance of the MOE Non-Residential Cleanup Standard for chromium 
for this area. 
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• Total Petroleum Hydrocarbons: The TPH-DRO concentration reported for shallow soil 
from location SB-44 exceeded the MDE Non-Residential Cleanup Standard. No staining 
or odor was observed in soil from this location. 

• PAHs: Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
dibenz(a,h)anthracene, and indeno(l ,2,3-c,d)pyrene were reported at concentrations 
exceeding the MDE Non-Residential Cleanup Standards in soil from Oto 2 ft depth at 
location SB-44, where the DRO exceedance was also reported. Other exceedances of the 
cleanup standards for PAHs were reported in shallow and subsurface soil from location 
SB-28, between the Spent Solvent Storage area, where DRO and PAH exceedances were 
reported, and the Upper Basin. 

Chromium speciation analysis was also performed on shallow soil from location SB-32 (0 to 2 ft 
depth), and results indicated that the chromium is present in the hexavalent form. The chromium 
results do not indicate any exceedances of MDE cleanup criteria in this area. 

The pH of soil samples from this area ranged from 3.12 to 11.1, with an average pH of 7.58 for 
shallow soil and 6.17 for subsurface soil. 

Table 4-12 Summary of Analytes Exceeding MDE Cleanup Standards in Soil Samples 
from the East-Central Unland Area (n = 34) 

MDENoo- Mean 
Residential Concentration in 
Standard Number of Maximum Location of Shallow and 

Anal\'te /ATC\ Units Exceedances{a) Concentration Maximum {Subsurface) SoiJ<bJ 

Metals 
Antimonv 41 nrn/ki;, 5 580 SB-47 (s) 49(18) 

Arsenic 3.0 (3.6) mo/ki:i 18 43 SB-35 Is) 8.8 (7.7) 

lron 72.000 me/kg I 86,000 SB~32 (ss) 21.300 (23.000) 

Vanadium 100 !119"/kv 9 540 SB-61 (ss) 127 (IOI) 
Petroleum }11..·drocarbons 

TPH-DRO 620 nrn/kg I I I 900 I SB-44 (s) I 280 (83) 

PAHs 
Renzo( a)anthracene 3.9 ffi!!lkE!. I 24 SB-44 Is) 1.6 (0.083) 

Benzo( a )ovrene 0.39 mv!kv 3 19 SB-44 ts) 1.3 (0.073) 

Benzo(b )fluoranthene 3.9 mu/kg I 45 SB-44 (s) 2.9 (0.089) 

Dibenz( a.h)anthracene 0.39 nrn:/k!! 2 3.9 SB-44 (s) 0.30 (0.021) 

I ndeno( 1.2.3-c.d)ovrene 3.9 mg/kg I 12 SB-44 (s) 0.85 (0.049) 

(a) For arsenic. numbers reflect exceedances of both the MDE non-residential standard and the A TC. 
(b) Mean concentrations are calculated using the reporting limit for non-detect values. 

NOTES: ATC ~ Anticipated typical concentration for Eastern Maryland. as published by MDE. 
MDE ~ Maryland Department of the Environment. 
mg/kg ~ Milligram(s) per kilogram. 
n ~ Number samples analyzed. 
PAH ~ Polycyclic aromatic hydrocarbon. 
s ~ Shallow soil. 
ss ~ Subsurface soil. 
TPH-ORO ~ Total Petroleum Hydrocarbons-Diesel Rani:1:e Organics. 
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Seven groundwater samples were collected from the East-Central Upland area, at locations 
SB-24, SB-28, SB-35, SB-40, SB-42, SB-47, and SB-56. Samples were analyzed for TAL 
metals, pH, VOCs, SVOCs, PCBs, and dioxins/furans. Results exceeding the MDE Cleanup 
Standards are summarized in the following bullets and also in Table 4-13. 

• Metals: The reported concentrations of aluminum, antimony, arsenic, iron, lead, 
manganese, nickel, and vanadium exceeded MDE Cleanup Standards in one or more 
samples. Metals concentrations were generally highest at location SB-28, between the 
Spent Solvent Storage area and the Upper Basin. The fewest metals exceedances were 
reported at locations SB-24 (one exceedance), north of the Kemira Property; at SB-40 
(three exceedances), north of the Upper Basin: and at SB-56 (three exceedances), 
adjacent to the southern end of the slurry wall. Groundwater from these three locations 
(as well as SB-42) had pH above 5, while pH was below 5 at SB-28, SB-35, and SB-47. 

• VOCs: The reported concentration of benzene in the sample from location SB-35, north 
of the Batch Attack Basin, exceeded the MDE Cleanup Standard. 

• SVOCs: The reported concentration ofpentachlorophenol in the sample from location 
SB-47, along the southern boundary of the Batch Attack basin, exceeded the MDE 
Cleanup Standard. The reported concentration of bis(2-ethylhexyl)phthalate in the 
sample from location SB-35 also exceeded the cleanup standard. 

• PAHs: PAH exceedances were reported from two locations within approximately 50 ti 
of the Batch Attack Basin: SB-35 and SB-47. Nine PAHs were reported at 
concentrations exceeding the MDE Non-Residential Cleanup Standards in groundwater at 
location SB-35, where the benzene exceedance was also reported. Five of these PAHs 
also exceeded the cleanup standards in groundwater from location SB-4 7, where the 
pentachlorophenol exceedance was also reported. 

The pHs of the groundwater samples from this area ranged from 3.41 (SB-28) to 5.99 (SB-40). 
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Table 4-13 Summary of Analytes Exceeding MDE Cleanup Standards in Groundwater 
Samoles from the East-Central Unland Area (n = 7) 

MDE Number of Maximum Location of Mean Concentration 
Analvte Standard Units Exceedances Concentration Maximum in Groundwater<a) 

Metals 
Aluminum 50 µg/L 5 22,000 SB-28 6,718 

Antimony 6 µe/L 2 450 SB-28 70 

Arsenic JO µg/L I 37 SB-28 8.3 

Iron 300 µe/L 7 360.000 SB-28 169,657 

Lead 15 µg/L 3 290 SB-42 104 

Manganese 50 µg/L 6 8200 SB-47 3.849 

Nickel 73 µg/L 2 170 SB-28 72 

Vanadium 3.7 µg/L 4 92 SB-28 27 

voes 
Benzene 5 µg/L I I 190 I SB-35 I 28 

SVOCs 
Bis( 2-cthy 1 hexy I )phthalate 6 µg/L 1 7.4 I SB-35 I 2.1 

Pentachlorophenol 1 µg/L 1 I 63 I SB-47 9.9 

PAHs 
2-methy !naphthalene 2.4 µg/L 2 4.2 SB-47 1.3 

Benzo( a)anthracene 0.2 µg/L ? 4.7 SB-35 0.85 

Benzo(a)pyrene 0.2 µg/L 2 3.3 SB-35 0.65 

Benzo(b )fluoranthene 0.2 µg/L 2 4.9 SB-35 0.89 

Benzo( k)fluoranthene 0.3 µg/L 1 5.5 SB-35 0.95 

Chrysene ·' µg/L 1 5.1 SB-35 0.91 

Dibenz(a.h)anthracene 0.2 µg/L 1 5.1 SB-35 0.91 

lndeno( l ,2J-c.d)pyrene 4.8 µg/L 1 4.8 SB-35 0.85 

Naphthalene 0.65 µg/L 2 I IO SB-35 19 

(a) Mean concentrations are calculated using the reporting limit for non.detect values. 

NOTES: µg/L ~ Microgram(s) per liter. 
MDE ~ Maryland Department of the En\·ironment. 
n ~ Number samples analyzed. 
PAH ~ Polycyclic Aromatic Hydrocarbon. 
svoc ~ Semivolatile organic compound. 
voe ~ Volatile orPanic comnound. 

4.2.8 Site-Wide Sampling in the South Upland Area 

Site-wide sampling in the South Upland area included advancement of 11 soil borings (SB-46. 
SB-48 to SB-51, SB-53 to SB-55, SB-47. and SB-57 to SB-59). 

Soil Samples 

Two soil samples for chemical analysis were collected from each boring, including a shallow 
sample and a subsurface sample, for a total of22 soil samples. The soil samples were submitted 
for laboratory analysis ofTAL metals, SVOCs/PAHs, pH, VOCs, PCBs, and/or TPH 
DRO/GRO. TCLP metals analysis was performed on subsurface soil from location SB-55, due 
to elevated total metals concentrations. Results indicate that soils in this portion of the Site, 
adjacent to the Middle and Lower Basins, are impacted by metals. Results exceeding the MOE 
Non-Residential Cleanup Standards are summarized in the following bullets and also in Table 4-
14. 
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• Metals: In soil samples collected to the west of the Lower Basin, concentrations of 
arsenic, cadmium, chromium, iron, manganese, and vanadium that exceeded the MOE 
Non-Residential Cleanup Standards (and the ATCs in the case of arsenic and chromium) 
were reported, with the highest concentrations generally in subsurface soil. No 
exceedances for metals other than arsenic were reported at locations SB-57, SB-58, or 
SB-59, south of the Lower Basin. Chromium speciation analysis was performed on 
subsurface soil from location SB-55 (6 to 8 ft depth), and results indicated that chromium 
was present in the hexavalent form (which is consistent with use of 310 mg/kg for 
screening). TCLP analysis was also performed on this sample, and did not indicate any 
metals exceeding the RCRA TCLP threshold. 

• PAHs: Benzo(a)pyrene was reported at a concentration exceeding the MOE Non
Residential Cleanup Standard in soil from Oto 2 ft depth at location SB-51. 

The pH of soil samples from this area ranged from 3.7 to 9.12, with an average pH of6.57 for 
shallow soil and 5.97 for subsurface soil. 

Table 4-14 Summary of Analytes Exceeding MDE Cleanup Standards in Soil Samples 
from the South Upland Area (n = 22' 

MDE Non- Mean 
Residential Concentration in 
Standard Number of Maximum Location of Shallow and 

Anatvte IATCI Units Exceedances<111 Concentration Maximum <Subsurface) Soil(h) 
Metals 

Arsenic 3.0 (3.6) mg/kg 4 30 SB-46 (ss) 2.9 (4.1) 
Cadmium 51 nrn:/k!.1- I 66 SB-49 (ss) 0.50 (7.0) 
Chromium 310 (28) mg/kg 5 2.800 SB-50 (ss) 147 (679) 
Iron 72.000 mg/kg I 110.000 SB-48 (s) 29.700 (24.500) 
Manganese 2.000 mi::,:/kg 5 7.300 SB-50 (ss) 823 ( 1.680) 
Vanadium 100 mg/kg 8 6.600 SB-50 (ss) 292 ( 1.630) 

PAIis 
Benzo(a)nvrene 0.39 I mg/kg I I 1.7 I SB-51 (s) 0.19(ND) 
(a) For arsenic and chromium. numbers reflect cxceedances of both the MDE non~residcntial standard and the ATC. 
(b) Mean concentrations are calculated using the reporting limit for non~dctect values. 

NOTES: ATC ~ Anticipated typical concentration for Eastern Mary land. as published by MDE. 
MDE ~ Maryland Department of the Environment. 
mg/kg ~ Milligram(s) per kilogram. 
n ~ Number samples analyzed. 
ND ~ Not detected. 
PAIi ~ Polycyclic aromatic hydrocarbon. 
s -- Shallmv soil. 
ss .. Subsurface soil. 

Groundwater Samples 

Four groundwater samples were collected from the South Upland area, at locations SB-50, 
SB-53, SB-57, and SB-59. Samples were analyzed for TAL metals, pH, VOCs, SVOCs, PCBs, 
and/or dioxins/furans. Results exceeding the MOE Cleanup Standards are summarized in the 
following bullets and also in Table 4-15. 
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• Metals: All four groundwater samples collected from throughout the south portion of the 
Site contained multiple metals concentrations exceeding the MOE Cleanup Standards. 
Metals concentrations exceeding the cleanup standards included aluminum, beryllium, 
cadmium, chromium, iron, lead, manganese, mercury, nickel, and vanadium. 
Groundwater from location SB-53, at the southern edge of the Site, had the highest 
reported concentrations of multiple metals in this portion of the Site. 

• Oioxins/furans: _ The TEQs for groundwater collected from locations SB-53 and SB-59 
exceeded the USEPA MCL for dioxins/furans. Very low dioxin concentrations were 
reported in groundwater from SB-57, while groundwater from SB-50 was not analyzed 
for these analytes. 

The pHs of the groundwater samples from this area ranged from 6.22 (SB-59) to 7.61 (SB-50). 

Table 4-15 Summary of Analytes Exceeding MOE Cleanup Standards in Groundwater 
Samnles from the South Unland Area (n = 4) 

MDE Number of 1\1aximum Location of 
AnaMe Standard Units Exceedaoces Concentration Maximum 

Metals 

Aluminum 50 µg/L 4 24.000 SB-53 

Beryllium 4 µg/L I 18 SB-53 

Cadmium 5 µg/1. I 14 SB-59 

Chromium 100 µg/1. 3 3.000 SB-53 

Iron 300 µg/J. 4 190.000 SB-53 

Lead 15 µg/L I 42 SB-59 

Manganese 50 µg/1. 4 40.000 SB-53 

Mercur) 0.37 µg/L I 0.66 SB-53 

Nickel 73 µg/l. I 350 SB-53 

Vanadium 3.7 µg/L 4 8.100 SB-53 

Dioxins/Furans 
Dioxin TEQ 30{h) pg/I. I 2 853 SB-53 

(a) Mean concentrations are calculated using the reporting limit for non-detect values. 
(b) USEPA Maximum Contaminant Level. 

NOTES: µg/L C Micrograms per liter. 
MDE -· Maryland Depa11ment of the Environment. 
n C Number samples analyzed 
pg/L C Picograms per liter. 
TEO C Toxic eauivalency ouotient. 

4.2.9 Summary and Discussion of Results for the Upland Areas 

Metals 

Mean Concentration in 
Groundwater<a} 

8.550 

7.5 

8.8 

1.044 

84.575 

16 

14.200 

0.4 

117 

2.751 

453 

Metals reported in soil throughout multiple upland areas at concentrations exceeding MOE Non
Residential Cleanup Standards include arsenic. chromium, iron, manganese, and vanadium. 
Cadmium, lead, and mercury were also reported at concentrations exceeding the cleanup 
standards in one or two samples each. 
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Of the metals with widespread exceedances in soil, chromium, iron, manganese, and vanadium 
are known components of titanium ore. However, these metals were least widespread in the 
Former Titanium Ore Storage area, indicating that these metals in other areas are likely 
associated with ore processing residuals rather than the whole ore. This is further supported by 
the fact that these metals are widespread in the landfill, where process waste was disposed. 
These metals are also widespread in the soils of the South Upland area, to the south/west of the 
Middle and Lower Settling Basins, where process residuals were stored and treated. One or 
more of these metals occurred at concentrations exceeding MDE Non-Residential Cleanup 
Standards in each area of the Site; however, concentrations were generally lower and 
exceedances less widespread in the other upland areas. 

Arsenic was reported in soil from all areas at concentrations exceeding the MDE Non
Residential Cleanup Standard and the A TC. The highest arsenic concentrations, exceeding the 
cleanup standard by two orders of magnitude, were reported in the PW AN/SWAN area. The 
West-Central, East-Central, and South Upland areas had maximum arsenic concentrations 
exceeding the cleanup standard by one order of magnitude, while concentrations in other areas 
were lower. 

Lead concentrations in soil exceeding the MDE Non-Residential Cleanup Standard were 
reported in one sample each from the PW AN/SW AN area and Spent Solvent Storage area. The 
only mercury concentration exceeding the cleanup standard was co-located with the lead 
exceedance in the PW AN/SW AN area (at location AN-06). The only exceedance for cadmium 
was from the South Upland area (at location SB-49). 

In groundwater. concentrations of aluminum. iron, manganese. and vanadium exceeded the MDE 
Cleanup Standards across the central portion of the Site. Aluminum, iron, and manganese (but 
not vanadium) also exceeded cleanup standards in the PW AN/SW AN and Landfill areas. Other 
metals exceeding cleanup standards in one or more samples included antimony, arsenic, 
beryllium, cadmium. lead, mercury. and nickel. 

The South Upland area had the most metals at reported concentrations exceeding the MDE 
Cleanup Standards, and also the highest reported concentrations of multiple metals, both in soil 
(excluding the landfill) and in groundwater. This area appears to have been part of the Lower 
Settling Basin as of the 1980s (USEPA 1988). 

voes 

The only VOCs exceeding MDE Cleanup Standards were 1,2-dichloroethene in groundwater 
from location SS-05, in the Spent Solvent Storage area, and benzene in groundwater from 
location SB-35, adjacent to the Batch Attack Basin. No VOC concentrations exceeding MDE 
Non-Residential Cleanup Standards were reported in soil. 

PAHs 

Exceedances of the MDE Non-Residential Cleanup Standards were reported in soil in all areas of 
the Site except for the Northwestern Portion. The PW AN/SW AN area, the Landfill area, and the 
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East-Central Upland area had the most reported PAH exceedances and highest PAH 
concentrations in soil. Still, PAH impacts were limited to three or fewer samples from each area, 
suggesting that they represent isolated impacts, potentially associated with point releases of 
hydrocarbons. 

PAH exceedances of the MOE Groundwater Cleanup Standard were also reported in 
groundwater from the Landfill area and the East-Central Upland area; however, there is not a 
clear correlation between the exceedances in soil and groundwater in these areas. The most 
heavily PAH-impacted groundwater samples were from location SB-35, adjacent to the Batch 
Attack Basin, and location SB-60, southeast of the landfill stormwater pond. 

TPH-DRO 

Exceedances of the MOE Non-Residential Cleanup Standard for TPH-DRO were reported in soil 
from a few isolated locations: SS-01 in the Spent Solvent Storage area, SB-19 and OWS-03 in 
the West-Central Upland area, and SB-44 in the East-Central Upland area. A slight petroleum 
odor and visual staining were also observed at location SS-0 I, and a slight solvent odor was 
noted at location OWS-03. No staining or odor was observed at SB-19 or SB-44. 

Other SVOCs 

Bis(2-ethylhexyl)phthalate was reported at concentrations exceeding the MOE Cleanup Standard 
in groundwater from SB-30 and SB-35. 

Pentachlorophenol was also reported at a concentration exceeding the MOE Cleanup Standard in 
groundwater from SB-35. No SVOC concentrations exceeding the MOE Non-Residential 
Cleanup Standards were reported in soil. 

Dioxins/Fu rans 

Figures 4-3 and 4-4 (Appendix A) illustrate the dioxin/furan results for soil and groundwater, 
respectively. The composite shallow soil sample collected from locations LF-01 and LF-02 
(Area 1) at the landfill contained dioxins and furans at concentrations that yielded Dioxin TEQs 
exceeding the USEPA Industrial RSL for soil. Two groundwater samples collected from the 
South Upland area (SB-53 and SB-59) also had Dioxin TEQs exceeding the USEPA MCL. No 
soil samples from the South Upland area were analyzed for dioxins/furans; however, TEQs 
exceeding the USEPA RSL were also reported in sediments of the adjacent settling basins (see 
Figure 4-3 and Section 4.3). 

4.3 SOIL, SEDIMENT, AND SURFACE WATER FROM THE BASINS 

Screening of analytical results for soil, sediment, and surface water from the basins is presented 
in Appendix D. Concentrations of analytes other than dioxins/furans in soil and sediment are 
screened against the MOE Non-Residential Cleanup Standards (MOE 2008). ATCs are also 
used in screening arsenic, chromium, and thallium concentrations in soil (MOE 2008). 
Concentrations of analytes other than dioxins/furans in surface water are screened against the 
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MOE Numerical Criteria for Toxic Substances in Surface Waters. from the Code of Maryland 
Regulations 26.08.02.03-2. 

TEQs for dioxin/furan results were calculated according to USEPA guidance (USEPA 2013a). 
by summing the products of the individual compound concentrations and their 2005 World 
Health Organization (WHO) toxic equivalency factors (van den Berg et al. 2006). TEQs for soil 
and sediment were screened against the USEPA Industrial RSL for soil. and TEQs for surface 
water were screened against the USEPA MCL for groundwater. 

Tables summarizing exceedances of the screening levels described above are presented in this 
section. 

Results are discussed by basin, in the following order: Batch Attack Basin (Section 4.3.1 ). 
Upper Settling Basin (Section 4.3.2). Middle Settling Basin (Section 4.3.3). and Lower Settling 
Basin (Section 4.3.4). Section 4.3.5 presents a discussion of the results for the basin samples. 

4.3.1 Batch Attack Basin 

Nine surface sediment samples (BB-OIS through BB-08S. and one additional sample from 
location BB-04a. designated as BB-04 0-0.5) and one surface water sample (BB-08W) were 
collected from the Batch Attack Basin. The samples were submitted for laboratory analysis of 
TAL metals. pH. SVOCs/PAHs. and PCBs. and the surface water sample was also analyzed for 
VOCs. Additionally. one composite sediment sample (from locations BB-05 through BB-08) 
and the surface water sample from 88-08 were analyzed for dioxins/furans. Results indicate that 
sediment in this basin is moderately impacted with chromium. The surface water sample 
collected from location B8-08 (which had a pH of 7 .51) did not contain any constituents at 
concentrations exceeding the MOE ecological or human health criteria for surface water. 
Sediment results exceeding the MOE Non-Residential Cleanup Standards are summarized in the 
following bullet and also in Table 4-16. 

• Metals: Chromium concentrations in sediment exceeded the MOE Non-Residential 
Cleanup Standard and the A TC. with the highest concentration (2.400 mg/kg) reported 
for the sample from location BB-07, in the eastern end of the basin. Chromium 
speciation analysis was performed on this sample. Results indicated that chromium was 
present primarily in the trivalent form (2.300 mg/kg), with a hexavalent component 
(68 mg/kg). which is below the cleanup standard of 310 mg/kg for hexavalent chromium. 
Exceedances of the MOE Non-Residential Cleanup Standards for iron. manganese. and 
vanadium were widespread in the basin. while an arsenic exceedance was reported in the 
sample from BB-01. 

The pH of the sediment samples from this basin ranged from 7.62 (88-07) to 9.24 (BB-02). 
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Table 4-16 Summary of Analytes Exceeding MDE Cleanup Standards in Sediment 
Samples from the Batch Attack Basin (n = 9) 

MDENpn-
Residential Mean 
Standard Number of Maximum Location of Concentration 

Analvte IATC\ Units Exctedancest•) Concentration Maximum in Sediment{b) 

Metals 
Arsenic 3.0 (3.6) mg/ko I 4 88-01 2.1 

Chromium 310 (28) m2/kg 6 2.400 88-07 1.030 

Iron 1,000 mo/ko 6 170.000 88-07 107.000 

Manganese 2.000 ,ng/kg 7 26,000 88-05 I L500 

Vanadium 100 mrr/krr 9 5,300 88-08 2.430 

(a) For arsenic and chromium, numbers reflect exceedances of both the MDE non-residential standard and the ATC. 
(b) Mean concentrations are calculated using the reporting limit for non-detect values. 

NOTES: ATC ~ Anticipated typical concentration for Eastern Maryland, as published by MOE. 
MDE ~ Maryland Department of the Environment. 
n ~ Number samples analyzed. 
mg/kg ~ Milligrams ocr kilogram. 

4.3.2 Upper Settling Basin 

Five soil borings (UB-0 I through UB-05) were advanced in the Upper Settling Basin to evaluate 
soil chemistry. Two soil samples for chemical analysis were collected from each boring, 
including a shallow sample and a subsurface sample. for a total often soil samples. 
Additionally, three surface sediment samples (UB-06 through UB-08) and one surface water 
sample (from location UB-07) were collected. The samples were submitted for laboratory 
analysis ofTAL metals, pH, SVOCslPAHs, and PCBs, and the surface water sample was also 
analyzed for VOCs. Additionally. one composite sediment sample (from all three surface 
sediment sampling locations. UB-06 through UB-08) and the surface water sample from UB-07 
were analyzed for dioxinsifurans. TCLP metals analysis was performed on subsurface soil from 
location UB-03. due to elevated total metals concentrations. 

Results indicate that soil and sediment in this basin are impacted with metals and dioxins/furans. 
Soil and sediment results exceeding the MOE Non-Residential Cleanup Standards are 
summarized in the following bullets and also in Table 4-17. 

• Metals: Metals reported at concentrations exceeding the MOE Non-Residential Cleanup 
Standard (and ATCs as applicable) include antimony, arsenic, chromium, iron, 
manganese, and vanadium. Subsurface soil from location UB-03 contained the highest 
concentrations of multiple metals that were reported in this basin. Chromium speciation 
and TCLP analyses were performed on this sample. Speciation results indicated that 
chromium was present primarily in the hexavalent form (which is consistent with use of 
310 mg/kg for screening). TCLP results did not indicate any metals exceeding the RCRA 
TCLP threshold. 

• Oioxins/Furans: The dioxin TEQ in the composite sediment sample exceeded the 
USEPA MCL. 
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The pH of the soil and sediment samples from this basin ranged from 4.19 and 4.49 (UB-04) to 
7.39 and 7.40 (UB-01 ), with pHs below 5 only reported for samples from two locations. 

Surface water from location UB-07 had a pH of7.02 and contained arsenic, thallium, and 
mercury at concentrations exceeding MOE criteria for human health. 

Table 4-17 Summary of Analytes Exceeding MDE Cleanup Standards in Soil and 
Sediment Sam oles from the Unner Settlin!! Basin (n = 13) 

MDENon- Mean 
Residential Concentration 
Standard Number of Maximum Location of in Soil and 

AnaMe fATC\ Units Exceedances<11> Concentration Maximum Sediment(bl 
Metals 

Antimom: 41 molko 1 45 UB-01 (ss) 5.6 
Arsenic 3.0 (3.6) molko 4 7 UB-05 (s) 3.2 
Chromium 310(28) melke 6 2,400 UB-03 (ss) 483 
Iron 72.000 mo/ko 3 160.000 UB-03 (SS) 42.600 
Manoanese 2.000 me/ke 4 9.500 UB-08 2.560 
Vanadium 100 mi1/kv 9 3.800 llB·03 (ss) 938 

Dioxins/Fu rans 
Dioxin TEQ I 22tc) nn/2 I I I 600 .. .. 
(a) For arsenic and chromium. numbers reflect excecdances of both the MDE non•residential standard and the ATC. 
(b) Mean concentrations are calculated using the reporting limit for non·detect values. 
(c) lJSEPA Maximum Contaminant Level. 

NOTES: ATC ~ Anticipated typical concentration for Eastern Maryland. as published by MDE. 
MDE - Maryland Department of the Environment. 
mg/kg ~ Milligrams per kilogram. 
11 ~ Number samples analyzed. 
pg/g - Picograms per gram. 
s ~ Shallow soil. 
ss ~ Subsurface soil. 
TEQ ·- Toxic eauivalencY auoticnt. 

4.3.3 Middle Settling Basin 

Five surface sediment samples (MB-01 S through MB-05S) were collected from the Middle 
Settling Basin. The samples were submitted for laboratory analysis ofTAL metals. pH, PAHs, 
and PCBs. Additionally, one composite sediment sample (from all five locations) was analyzed 
for dioxins/furans. TCLP metals analysis was performed on sediment from location MB-04. due 
to elevated total metals concentrations. Results indicate that sediment in this basin is impacted 
with metals. Sediment results exceeding the MOE Non-Residential Cleanup Standards are 
summarized in the following bullets and also in Table 4-18. 

• Metals: Metals reported at concentrations exceeding the MOE Non-Residential Cleanup 
Standard (and ATCs as applicable) include chromium, iron, manganese, and vanadium. 
Chromium speciation and TCLP analyses were performed on the sample from location 
MB-04. Speciation results indicated that chromium was present primarily in the 
hexavalent form (which is consistent with use of 310 mg/kg for screening). TCLP results 
did not indicate any metals exceeding the RCRA TCLP threshold. 
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• Oioxins/Furans: The dioxin TEQ in the composite sediment sample exceeded the 
USEPAMCL. 

The pH of the sediment samples from this basin were nearly uniform, ranging from 
7.76 (MB-05) to 7.95 (MB-04). 

Table 4-18 Summary of Analytes Exceeding MDE Cleanup Standards in Sediment 
Samnles from the Middle Settlin!! Basin (n = 5) 

MDENon-
Residential Mean 
Standard Number of Maximum Location of Concentration 

Analvte !ATC\ Units Exceedancesta) Concentration Maximum in Sediment<!>) 
Metals 

Chromium 310 (28) nudki:r 5 3.200 MB-03. 04 2.650 

Iron 72.000 mo/k, 5 160.000 MB-01. 03 147.000 

Manganese 2,000 mg/kg 5 34.000 MB-01 27.200 

Vanadium 100 m2/kQ 5 6.600 MB-03 5.520 

Dioxins/Fu rans 
Dioxin TEQ 221c) no/g I I 699 .. I .. 
(a) For chromium, numbers reflect exceedances of both the MDE nonMresidentiai standard and the ATC. 
(b) Mean concentrations are calculated using the reporting limit for nonMdetect values. 
(C) USEPA Maximum Contaminant Level. 

NOTES: ATC •. Anticipated typical concentration for Eastern Maryland, as published by MDE. 
MDE ~ Mal)'iand Department of the Environment. 
mg/kg ~ Milligrams per kilogram. 
n ~ Number samples analyzed. 
pg/g ~ Picograms per gram. 
TEQ '' Toxic eouivalency ouotient. 

4.3.4 Lower Settling Basin 

Four soil borings (LB-02 through LB-05) were advanced in the Lower Settling Basin to evaluate 
soil chemistry. Two soil samples for chemical analysis were collected from each boring, 
including a shallow sample and a subsurface sample, for a total of eight soil samples. 
Additionally, three surface sediment samples (LB-06 through LB-08) and one surface water 
sample (from location LB-08) were collected. The samples were submitted for laboratory 
analysis ofTAL metals, pH, SVOCs/PAHs, and PCBs, and the surface water sample was also 
analyzed for VOCs. Additionally. one composite sediment sample (from all three locations) and 
the surface water sample from LB-08 were analyzed for dioxins/furans. 

Results indicate that soil and sediment in this basin are impacted with metals and dioxins/furans. 
Soil and sediment results exceeding the MOE Non-Residential Cleanup Standards are 
summarized in the following bullets and also in Table 4-19. 

• Metals: Metals reported at concentrations exceeding the MOE Non-Residential Cleanup 
Standard (and ATCs as applicable) include arsenic, chromium, iron, manganese, and 
vanadium. Chromium speciation analysis was performed on the sediment sample from 
location LB-07. Results indicated that chromium was present primarily in the trivalent 
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form (2,100 mg/kg). with a hexavalent component (23 mg/kg). which is below the 
cleanup standard of 310 mg/kg for hexavalent chromium. 

• Dioxins/Furans: The dioxin TEQ in the composite sediment sample exceeded the 
USEPA MCL. 

The pH of the soil and sediment samples from this basin ranged from 4. 77 (LB-04 subsurface) 
to 8.26 (LB-03 subsurface), with the pH of all shallow/surface samples and most subsurface 
samples above 6.9. 

Surface water from location LB-08 had a pH of7.96 and contained arsenic at a concentration 
exceeding MDE criteria for human health. 

Table 4-19 Summary of Analytes Exceeding MDE Cleanup Standards in Soil and 
Sediment Sam les from the Lower Settlim! Basin ( n = 11) 

MDE Non- Mean 
Residential Concentration 
Standard Number of Maximum Location of in Soil and 

Analvte /ATC) Units Exceedances<0
> Concentration Maximum Sediment<h) 

Metals 
Arsenic 3.0 (3.6) mg/kg 2 6.9 LB-05 (ss) 2.5 
Chromium 310 (28) mg/kg 9 3.000 LB-03 (ss) 1.820 
Iron 72.000 mg/kg 7 170.000 Lll-05 (s) 93.500 
Manganese 2.000 mg/kg 9 34.000 LB-05 (s) 14.400 
Vanadium 100 mg/kg 10 7.800 LB-03 (ss) 4.050 

Dioxins/Furans 
Dioxin TEQ 221c, I pg/g 1 169 -- I --
la) For arsenic and chromium. numbers rellcct cxcccdanccs ofhoth the MDE non-residential standard and the ATC. 
(b) Mean concentrations arc calculated using the reporting limit for non~dctect rnlues. 
(cl USEPA Maximum Contaminant Level. 

NOTES: ATC -- Anticipated typical concentration for Eastern Maryland. as published by MDE. 
MDE ~ Mal)·land Department of the Environment. 
mg/kg ~ Milligrams per kilogram. 
n ~ Number samples analyzed. 
pglg ~ Picograms per gram. 
s ~ Shallow soil. 
ss ~ Subsurface soil. 
TEQ -· Toxic equivalency quotient. 

4.3.5 Summary and Discussion of Results for the Basin Samples 

Metals 

Soils and sediments containing metals at concentrations of a magnitude similar to those in the 
South Upland area (which is suspected to have once been part of the Lower Settling Basin). and 
exceeding MDE Non-Residential Cleanup Standards, were present in all four basins (Figure 4-5). 
Exceedances of the cleanup standards for chromium, iron, manganese, and vanadium were 
reported in sediments (and soils where collected) from throughout all four basins. These metals 
are thought to be associated with residuals from processing titanium ores (see Section 4.2.9). 
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As discussed in Section 2.5.3, the TRC analysis of subsurface sediments in the Batch Attack and 
Lower Settling Basins indicated that both pH and metals concentrations change markedly with 
depth. The upper IO to 15 ft of sediments tended to have alkaline pH (roughly 7 to I 0.3) and 
contain chromium, iron, and manganese at concentrations exceeding the MOE Non-Residential 
Cleanup Standards. Below these alkaline sediments, pH dropped abruptly, to values as low as 
2 in the Batch Attack Basin, and concentrations of arsenic (as well as lead in the Batch Attack 
Basin) increased to above cleanup standards. This trend is seen to some degree in the data from 
the Lower Settling Basin collected as part of this Phase II ESA, as subsurface soil at location LB-
04 (6 to 8 ft bgs) had a pH of 4.77, with lower reported concentrations of chromium, iron, and 
manganese (as well as vanadium) and a higher arsenic concentration than nearby surface 
sediments. No subsurface sediments were collected from the Batch Attack Basin as part of the 
Phase II ESA. 

Figure 4-5 provides a comparison of the Phase II ESA surface sediment results to the TRC 
sediment core results for the Batch Attack Basin and the open water portion of the Lower 
Settling Basin. Whereas the Phase II ESA surface sediments were collected from approximately 
the top 6 in. of sediment, the TRC cores included sediments from as deep as 26 ft below the 
sediment surface. The maximum metals concentrations in the TRC core samples were higher 
than the maximum concentrations in the surface sediments for each basin. However, the average 
concentrations in surface sediment were in some cases higher than the average concentration 
throughout the cores. Overall, the metals results for sediments from all four basins, including the 
TRC data, indicate consistently elevated metals concentrations to the depths sampled. 

Surface water from the Upper and Lower Settling Basins contained arsenic at a concentration 
exceeding the MOE Human Health Criteria (as well as the MOE Groundwater Cleanup Standard 
and A TC). Additionally, the Upper Basin contained mercury and thallium at concentrations 
exceeding human health criteria. Overall. the surface water does not seem to reflect the 
magnitude of metals impacts reported in the underlying sediments. 

Dioxins/Fu rans 

Sediments from the Upper, Middle, and Lower Settling Basins contained dioxins/furans at 
concentrations that led to Dioxin TEQs exceeding the USEPA Industrial RSL for soil. Dioxins 
and furans are recognized byproducts of the chlorinators used in the chloride process for 
manufacturing titanium dioxide (US EPA 200 I). Therefore, it is hypothesized that the 
dioxins/furans in the basins are associated with this process. The Batch Attack Basin may 
contain dioxins/furans at lower concentrations because this basin received primarily sulfuric acid 
waste streams from the sulfate process (rather than the chloride process). 

No Dioxin TEQs exceeding the USEPA MCL were reported in the surface water samples 
collected from the Batch Attack, Lower Settling, and Upper Settling Basins. However, as stated 
in Section 4.2.9, exceedances of the USEPA MCL for dioxins were reported in soils adjacent to 
the Middle and Lower Basins; these groundwater impacts may be associated with the 
dioxins/furans in sediments in these basins. 
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5.1 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN 

The purpose of the risk evaluation is to determine attainment of the MOE Soil Cleanup 
Standards for the Site. The determination of attainment is specific to the current and proposed 
future land use of the Site. The Site consists of five adjoining parcels of land totaling 
approximately 178 acres and is zoned M-3 General Manufacturer (Baltimore City) and OS-Open 
Space District (Anne Arundel County). The Site was acquired by Cristal USA from Millennium 
lnorganic Chemicals in 2007. From approximately 1954 to 2011, the Site was used for the 
manufacturing of titanium dioxide and other titanium chemicals. Although, the majority of 
manufacturing structures have been demolished, numerous buildings and treatment/storage 
lagoons remain on the Site. 

The majority of the Site (140 acres) is located in Baltimore City and the remaining 38 acres are 
located in Anne Arundel County, just south of the Baltimore City boundary (Figure 1-1 ). It 
should be noted that Kemira operates within approximately IO acres of the central portion of the 
Site. The Kemira Site parcel is not included as part of this risk assessment. The Site is bordered 
by Fort Armistead Road and Fort Armistead Park to the north, the MPA-owned Cox Creek 
uplands to the south, industrial land use to the west, and the Patapsco River to the east. 

The Site is serviced by municipal water provided by Baltimore City with supplemental process 
water pumped from the Patapsco River. A permitted water supply well exists on the Site; 
however, the well was never commissioned. No potable water supply wells were identified 
within a half-mile radius of the Site. 

Based upon the Site zoning, designated land use, and anticipated land use, the appropriate 
designation for the Site is non-residential. Non-residential is identified as "'land that has a zoning 
designation by either county or local government that is not intended for residential land use. 
Typical non-residential land uses include, but are not limited to, land zoned for commercial or 
industrial uses" (MOE 2008). Therefore, the determination of attainment to MOE Cleanup 
Standards is based upon Non-Residential Soil Cleanup Standards. It is anticipated that the 
primary contact with the Site environmental media will be by construction workers or other 
maintenance workers working at the Site currently or in the future. Trespassers and Site visitors 
may also contact the Site. However, these receptors are expected to have relatively low contact 
with environmental media for very short time periods. The non-residential (i.e., 
construction/maintenance worker) exposure scenario represents conservative exposure scenarios 
that would account for all other expected receptor contact with the Site. Based upon current Site 
zoning and anticipated future use, it is not expected that a residential receptor or similar receptor 
(e.g., school children, recreational users, etc.) would be an appropriate receptor for the Site. 

The primary medium of concern at the Site is soil. Both surface soil and sediment (less than 
2 ft bgs) and subsurface soil samples (greater than 2 ft bgs) were collected. lt is expected that 
any future re-use of the Site would involve significant demolition of buildings and soil 
movement. As a result, workers at the Site are expected to contact both surface and subsurface 
soil and sediment. Groundwater was not evaluated in the risk evaluation. Many of the MOE 
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Cleanup Standards for Groundwater are based on the USEPA MCL, which is not a risk-based 
number and cannot be used in the risk evaluation. Additionally, groundwater is not used as a 
potable water supply and is not expected to be used in the future. 

5,2 RISKEVALUATION 

Sections 4.2 and 4.3 present a comparison of soil/sediment sampling results to the MDE Non
Residential Soil Cleanup Standards. Based upon the Site history, investigations, and use, the Site 
was divided into AOCs for sample collection and comparison. The risk evaluation also divided 
the Site into similar AOCs which are also shown in Figure 2-1. Sample locations evaluated for 
each AOC are presented in Table 5-1. Generally, each of the focused study areas was evaluated 
as an entire area. These areas included: 

I. Former Titanium Ore Storage Area (Focus Area A) 
2. Spent Solvent Storage Area (Focus Area B) 
3. PW AN/SWAN (Focus Area C) 
4. Landfill Area 
5. Batch Attack Basin 
6. Upper Settling Basin 
7. Middle Settling Basin 
8. Lower Settling Basin. 

If Site-wide (SB) samples were collected within an identified focused study area, they were 
included with the area for risk evaluation. For instance. sample SB-23 was collected from the 
edge of the Spent Solvent Storage area. As a result. soil sample SB-23 was evaluated with all 
samples associated with this AOC. Sediment samples collected from within the basins located at 
the Site were considered soil samples in the risk evaluation, as these basins are largely 
dewatered, and are expected to be dewatered completely prior to Site re-use. 

Site-wide areas where samples were collected outside the AOCs were divided for purposes of 
data analysis and risk evaluation. Consistent with Section 4.2, Site-wide areas were defined as 
follows: 

I. Site-Wide Sampling in the Northwest Upland Area 
2. Site-Wide Sampling in the West-Central Upland Area 
3. Site-Wide Sampling in the East-Central Upland Area 
4. Site-Wide Sampling in the South Upland Area. 

Analytical results from Site-wide samples collected on the border of two defined areas were 
evaluated by comparing analytical results from adjacent sampling sites to determine the 
appropriate placement for risk evaluation. 

Dioxin/furan samples were collected throughout the Site. Most of these samples were collected 
as composite samples, and only one dioxin/furan sample was collected within each AOC. These 
samples were primarily collected to confirm the presence or absence of dioxins/furans at the Site. 
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The samples were not collected to determine the overall nature and extent of dioxins/furans. As 
a result, dioxins/furans were not evaluated in the risk evaluation. 

For each chemical identified as above the MOE Non-Residential Cleanup Standard, the 
95th percentile upper confidence limit on the mean (95%UCLM) value was determined. The 
95%UCLM value represents human exposure to chemicals in Site soil for a specific area 
evaluated, rather than a point by point comparison. As recommended by USEP A, the statistical 
program ProUCL 5.00.0 was utilized to determine the 95%UCLM for each chemical in soil 
(USEPA 2013b). Values of the 95%UCLM for chemicals exceeding MOE Non-Residential 
Cleanup Standards in each area are presented in Tables 5-2 through 5-13. Outputs of the 
ProUCL program are included in Appendix F. 

For the determination of the 95%UCLM, the evaluation of analytical data, on the basis of 
qualifiers in each medium of concern, was performed using the rationale below. 

• Analytical results bearing the U qualifier (indicating that the chemical was not detected at 
the given RL) were retained in the dataset and considered non-detects with a numerical 
value equal to its RL. 

• Analytical results bearing the J qualifier (the reported value is estimated) were retained at 
the measured concentration identified by the laboratory. 

• Analytical results bearing the B qualifier (indicating that the chemical was detected in a 
blank) were retained at the measured concentration identified by the laboratory. 

• Analytical results bearing the Fl qualifier (indicating the MS and/or MSO recovery was 
outside the acceptance limits) were retained at the measured concentration identified by 
the laboratory. 

• Analytical results bearing the P qualifier (indicating the relative percent difference 
between the primary and confirmation column/detector was greater than 40 percent and 
the lower value was reported) were retained at the measured concentration identified by 
the laboratory. 

If duplicate samples were collected or duplicate analyses were conducted on a single sample, the 
following guidelines were employed to select the appropriate sample measurement: 

• If both samples/analyses showed that the analyte was present, the average of the two 
detected concentrations was retained for analysis, based on conservative professional 
judgment. 

• If both samples/analyses were not detected, the lowest of the two non-detect 
concentration detection limits was retained for analysis. 
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• If only one sample/analysis indicated that the analyte was present, it was retained for 
analysis and the non-detect value was discarded. 

The 95%UCLMs were compared to the MOE Non-Residential Soil Cleanup Standards to 
facilitate a risk management decision for either a specific area or for soil re-use. MOE has 
identified attainment when the 95%UCLM is equal to or below the standard (MOE 2008). 

For areas where any of the chemical 95%UCLM values exceed the MOE Non-Residential Soil 
Cleanup Standard, an estimated risk level was determined for all chemicals. The estimated risk 
level was determined for each chemical of potential concern (COPC) by evaluating the 
95%UCLM with the corresponding cleanup standard. The MOE Cleanup Standards represent 
the lowest levels of acceptable risk to human health as determined by MOE depending upon Site 
use. For chemicals in which the cleanup standard is based upon a cancer endpoint, the standard 
is based upon a risk level equal to I o·6. For chemical in which the cleanup standard is based 
upon a non-cancer endpoint, the standard is based upon a hazard quotient (HQ) ofO. I. The 
estimated risk level for chemicals with a cancer endpoint is determined by dividing the 
95%UCLM by the cleanup standard and multiplying by I 0-6

. The estimated risk level for 
chemicals with a non-cancer endpoint is determined by dividing the 95%UCLM by the cleanup 
standard and multiplying by 0.1. The resulting risk levels were added to represent a cumulative 
risk level. MOE has identified a remedial action standard risk level of 10·5 for carcinogens and a 
hazard index (HI) of 1.0 for non-carcinogens (MOE 2008). lfthe cumulative HI was greater 
than 1. a breakdown by target organ was completed. 

Lead was evaluated separately from other chemicals because the MOE Cleanup Standards for 
lead are based upon blood-modeling. USEPA guidance recommends the use of the arithmetic 
mean concentration for the evaluation of potential lead exposures (USEPA 1994, 2002). If the 
maximum detected concentration oflead for a given area was above the MOE Residential Soil 
Cleanup Standard of 400 mg/kg, the arithmetic mean concentration was determined and 
compared to the Non-Residential Cleanup Standard, which is 1,000 mg/kg. 

5.2.1 Former Titanium Ore Storage Area (Focus Area A) Risk Evaluation 

Sample locations evaluated for the Former Titanium Ore Storage area are presented in Table 5-1. 
Tables 5-2-1 and Table 5-2-2 present the summary statistics for surface and subsurface soil in 
this area. The cancer risk level for surface soil was 2 x I 0-6

, which is below the MOE remedial 
action level. The non-cancer HI result was 0.3, which is below the acceptable threshold of 1. 

The cancer risk level for subsurface soil was 3 x I o·6
, which is below the MOE remedial action 

level. The non-cancer HI result was 0.2, which is below the acceptable threshold of 1. 

5.2.2 Spent Solvent Storage Area (Focus Area B) Risk Evaluation 

Sample locations evaluated for the Spent Solvent Storage area are presented in Table 5-1. In 
addition to the focus area samples, one Site-wide sample (SB-23) was included in the Spent 
Solvent Storage area. Tables 5-3-1 and Table 5-3-2 present the summary statistics for surface 
and subsurface soil in this area. The cancer risk level for surface soil was 3 x 10-6

, which is 
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below the MDE remedial action level. All of the chemicals evaluated had an MDE Soil Cleanup 
Standard based upon a cancer endpoint. As a result, a non-cancer HI result was not calculated. 

The cancer risk level for subsurface soil was 3 x I o·6, which is below the MDE remedial action 
level. The non-cancer HI result was 0.1, which is below the acceptable threshold of I. The 
mean concentration of lead was below the MDE Non-Residential Cleanup Standard; however, 
the maximum concentration of lead exceeded the cleanup standard at one sampling location, 
SB-06, at 1 to 3 ft bgs with a concentration of 4,300 mg/kg. The next highest detection of lead 
was 130 mg/kg, with the remainder of the lead sample results below 25 mg/kg. 

5.2.3 PW AN/SW AN Area (Focus Area C) Risk Evaluation 

Sample locations evaluated for the PW AN/SWAN area are presented in Table 5-1. Tables 5-4-1 
and Table 5-4-2 present the summary statistics for surface and subsurface soil in this area. 

The cancer risk level for surface soil was 7 x I 0·5
, which is above the MDE remedial action level 

of I o·5
• The cumulative cancer risk level for surface soil was primarily attributable to arsenic, 

which exceeded the MDE Non-Residential Cleanup Standard in nine sampling locations with a 
maximum of 220 mg/kg at sampling location AN-06 at Oto 2 ft bgs. The next highest 
concentration of arsenic was 32 mg/kg at sample location AN-13 at O to 2 ft. 

The non-cancer HI result for surface soil was 3, which is above the acceptable threshold of I. 
The non-cancer HJ exceedance was primarily attributable to antimony, which exceeded the MDE 
Non-Residential Cleanup Standard in five sampling locations with a maximum of 740 mg/kg at 
sampling location AN-12 at Oto 2 ft bgs. The cumulative HI was greater than I; therefore, a 
breakdown by target organ was completed. The antimony target organ is blood and produced a 
total HI of 2, which was the only chemical that exceeded the target threshold of I. 

The mean concentration of lead in surface soil was below the MDE Non-Residential Cleanup 
Standard; however, the maximum concentration of lead exceeded the cleanup standard at one 
sampling location, AN-06, at Oto 2 ft bgs with a concentration of 7, I 00 mg/kg. The next highest 
detection of lead was 280 mg/kg within sample location AN-12 at O to 2 ft bgs. 

The cancer risk level for subsurface soil was 2 x I 0·5
, which is above the MDE remedial action 

level. Arsenic was the only contributor to the cancer risk level. with exceedances in 15 sampling 
locations with a maximum of 110 mg/kg at sampling location AN-06 at I I to 13 ft bgs. 

The non-cancer HI result for subsurface soil was 2, which is above the acceptable threshold of I. 
The non-cancer HJ exceedance was primarily attributable to antimony. which exceeded the MDE 
Non-Residential Cleanup Standard in six sampling locations with a maximum of 640 mg/kg at 
sampling location AN-08 at 13 to 15 ft bgs. The cumulative HI was greater than I; therefore, a 
breakdown by target organ was completed. The antimony target organ is blood and produced a 
total HI of 2, which was the only chemical that exceeded the target threshold of l. 
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Sample locations evaluated for the landfill are presented in Table 5-1. Only surface soil samples 
were evaluated in the risk assessment, because disturbance of the landfill contents is not 
anticipated. Table 5-5 presents the summary statistics for the Landfill. The cancer risk level for 
the Landfill soil was 1 x 10·6• which is below the MOE remedial action level. The only 
evaluated chemical, arsenic, has an MOE Soil Cleanup Standard based upon a cancer endpoint. 
As a result, a non-cancer HI result was not calculated. 

5.2.5 Northwest Upland Area Risk Evaluation 

Sample locations evaluated for the Northwest Upland area are presented in Table 5-1. 
Tables 5-6-1 and Table 5-6-2 present the summary statistics for surface and subsurface soil in 
this area. The cancer risk level for surface soil was 3 x I 0'6, which is below the MOE remedial 
action level. The only evaluated chemical. arsenic, has an MOE Soil Cleanup Standard based 
upon a cancer endpoint. As a result. a non-cancer HI result was not calculated. 

The cancer risk level for subsurface soil was 2 x I 0'6, which is below the MOE remedial action 
level. The non-cancer HI result was 0.1. which is below the acceptable threshold of I. 

5.2.6 West-Central Upland Area Risk Evaluation 

Sample locations evaluated for the West-Central Upland area are presented in Table 5-1. 
Tables 5-7-1 and Table 5-7-2 present the summary statistics for surface and subsurface soil in 
this area. The cancer risk level for surface soil was 4 x I o·6, which is below the MOE remedial 
action level. The non-cancer HI result was 0.3, which is below the acceptable threshold of I. 

The cancer risk level for subsurface soil was 2 x I o·6
• which is below the MOE remedial action 

level. The non-cancer Hl result was 4, which is above the acceptable threshold of 1. The non
cancer HI exceedance was primarily attributable to vanadium. which exceeded the MOE Non
Residential Cleanup Standard in four sampling locations with a maximum of 6,000 mg/kg at 
sampling location SB-27 at 6 to 8 ft bgs. The cumulative HI was greater than I; therefore, a 
breakdown by target organ was completed. Only the HI for the vanadium target organ. hair 
follicles, exceeded the threshold of I. 

5.2.7 East-Central Upland Area Risk Evaluation 

Sample locations evaluated for the East-Central Upland area are presented in Table 5-1. 
Tables 5-8-1 and Table 5-8-2 present the summary statistics for surface and subsurface soil in 
this area. The cancer risk level for surface soil was 6 x 10·5, which is above the MOE remedial 
action level. The non-cancer HI result was 0.8, which is below the acceptable threshold of I. 
Benzo(a)pyrene was the primary contributor to the cancer risk level, with a risk of 3.2 x I 0-5

• 

Other PAHs also contributed to cancer risk level. Sample location SB-44 at O to 2 ft bgs depth 
had the maximum detected concentration ofbenzo(a)pyrene (19 mg/kg) and all other PAHs. The 
next highest detection ofbenzo(a)pyrene was 1.9 mg/kg at sample location SB-28. All other 
benzo(a)pyrene detections were below 0.3 mg/kg. 
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The cancer risk level for subsurface soil was 5 x I o-6
, which is below the MOE remedial action 

level. The non-cancer HI result was 0.5. which is below the acceptable threshold of I. 

5.2.8 South Upland Area Risk Evaluation 

Sample locations evaluated for the South Upland area are presented in Table 5-1. Tables 5-9-1 
and Table 5-9-2 present the summary statistics for surface and subsurface soil in this area. The 
cancer risk level for surface soil was 6 x 1 o-6

, which is below the MOE remedial action level. 
The non-cancer HI result was 1, which equals the acceptable threshold of I. 

The cancer risk level for subsurface soil was 6 x I 0-6
, which is below the MOE remedial action 

level. The non-cancer HI result was 7, which is above the acceptable threshold of 1. The non
cancer HI exceedance was attributable to vanadium (HQ = 6.6). which exceeded the MOE Non
Residential Cleanup Standard in four sampling locations, with a maximum of 6,600 mg/kg at 
sampling location SB-50 at 4 to 6 ft bgs. Because the cumulative HI was greater than I, a 
breakdown by target organ was completed. Only the HI for the vanadium target organ (hair 
follicles) exceeded the threshold of 1. 

5.2.9 Batch Attack Basin Risk Evaluation 

Sample locations evaluated for the Batch Attack Basin are presented in Table 5-1. Only surface 
sediments/soils were collected from this basin. Table 5-10 presents the summary statistics for 
the Batch Attack Basin. The cancer risk level for the Batch Attack Basin soil was 9 x I0-7

• 

which is below the MOE remedial action level. The non-cancer HI result was 5, which is above 
the acceptable threshold of I. The non-cancer HI exceedance is primarily attributable to 
vanadium, which exceeded the MOE Non-Residential Cleanup Standard in nine sampling 
locations with a maximum of 5, I 00 mg/kg at sampling locations BB-07S and BB-OSS. Only the 
vanadium target organ (hair) exceeded the acceptable level of I. 

5.2.10 Upper Settling Basin Risk Evaluation 

Sample locations evaluated for the Upper Settling Basin are presented in Table 5-1. 
Tables 5-11-1 and Table 5-11-2 present the summary statistics for surface and subsurface soil in 
this area. The cancer risk level for surface soil was I x I o·6, which is below the MOE remedial 
action level. The non-cancer HI result was 2, which is above the acceptable threshold of 1. The 
non-cancer HI exceedance was attributable to vanadium (HQ= 1.4), which exceeded the MOE 
Non-Residential Cleanup Standard in in seven sampling locations with a maximum of 2,700 
mg/kg at sampling location UB-08 at Oto 0.5 ft bgs. The cumulative HI was greater than I; 
therefore. a breakdown by target organ was completed. None of the target organs exceeded the 
acceptable level of 1. 

The cancer risk level for subsurface soil was 2 x I 0-6
, which is below the MOE remedial action 

level. The non-cancer HI result was 4, which is above the acceptable threshold of I. The non
cancer HI exceedance was attributable to vanadium (HQ= 2.6). which exceeded the MOE Non
Residential Cleanup Standard in in six sampling locations with a maximum of 3,800 mg/kg at 
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sampling location UB-03 at 3 to 5 ft bgs. The cumulative HI was greater than I; therefore. a 
breakdown by target organ was completed. Only the vanadium target organ (hair follicles) 
exceeded the threshold of I. 

5.2.11 Middle Settling Basin Risk Evaluation 

Sample locations evaluated for the Middle Settling Basin are presented in Table 5-1. Table 5-12 
presents the summary statistics for the Middle Basin surface soil. The cancer risk level for the 
Middle Basin surface soil was I x I o·6

, which is below the MOE remedial action level. The non
cancer HI result was 9, which is above the acceptable threshold of I. Both vanadium and 
manganese have HQs greater than I. Vanadium exceeded MOE Non-Residential Cleanup 
Standards in five sampling locations with a maximum of 6,600 mg/kg at sampling location MB-
03S at Oto 2 ft. Manganese exceeded the MOE Non-Residential Cleanup Standard in five 
sampling locations. The cumulative HI was greater than 1: therefore, a breakdown by target 
organ was completed. Only the target organs associated with vanadium (hair follicles) and 
manganese (central nervous system) exceeded the threshold of l. 

5.2.12 Lower Settling Basin Risk Evaluation 

Sample locations evaluated for the Lower Settling Basin are presented in Table 5-1. 
Tables 5-13-1 and Table 5-13-2 present the summary statistics for the Lower Basin surface and 
subsurface soil. The cancer risk level for the Lower Basin surface soil was 7 x I 0·1

• which is 
below the MOE remedial action level. The non-cancer HI result was 8. which is above the 
acceptable threshold of I. The non-cancer HI exceedance was primarily attributable to 
vanadium. which exceeded the MOE Non-Residential Cleanup Standard in seven sampling 
locations with a maximum of 6,650 mg/kg at sampling location LB-05 at Oto 2 ft bgs. The 
cumulative HI was greater than I: therefore, a breakdown by target organ was completed. Only 
the vanadium target organ exceeded the threshold of I. 

The cancer risk level for subsurface soil was 2 x I o·6
• which is below the MOE remedial action 

level. The non-cancer HI result was 9. which is above the acceptable threshold of I. The non
cancer HI exceedance was attributable to vanadium (HQ= 7.8). which exceeded the MOE Non
Residential Cleanup Standard in in three sampling locations with a maximum of 7.800 mg/kg at 
sampling location LB-03 at 8 to IO ft bgs. The cumulative HI was greater than I: therefore, a 
breakdown by target organ was completed. Only the vanadium target organ (hair follicles) 
exceeded the threshold of I . 

5.3 CONCLUSIONS OF HUMAN HEALTH RISK EVALUATION 

The Cristal USA Facility was evaluated by specific areas of use and potential contamination 
based upon past Site history. The analytical results from each area were compared to the MOE 
Non-Residential Cleanup Standards (MOE 2008). Any analyte that exceeded the MOE Non
Residential Cleanup Standard was evaluated further for attainment. 

Each chemical with a value exceeding the MOE Non-Residential Soil Cleanup Standard was 
evaluated for attainment through the use of the 95%UCLM value. The 95%UCLM value 
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represents human exposure to chemicals in Site soil across an expected exposure area, rather 
than a point by point comparison. The 95%UCLMs were compared to the MOE Non
Residential Soil Cleanup Standards to make a risk management decision concerning potential re
use of the Site. An estimated risk level was determined for each COPC by dividing the 
95%UCLM by the corresponding cleanup standard. MOE has identified a remedial action 
standard risk level of I 0·5 for carcinogens and an HI of 1.0 for non-carcinogens (MOE 2008). 
In addition, non-carcinogenic chemicals cannot have a target-organ specific endpoint 
greater than I .0. Lead was evaluated by comparing the maximum concentration and the mean 
concentration to the MOE Non-Residential Soil Cleanup Standard of I ,000 mg/kg. 

The risk evaluation for each area evaluated determined that there are risk concerns for exposure 
in certain areas of the Site (Figure 5-1 ). For lead, the mean concentration across all specific 
areas evaluated was below the MOE Non-Residential Soil Cleanup Standard. However, the 
maximum detected concentration was above the MOE Non-Residential Soil Cleanup Standard in 
one surface soil sample (7, I 00 mg/kg) within the PW AN/SWAN (Focus Area C) and one 
subsurface soil sample (4,300 mg/kg) within the Spent Solvent Storage area (Focus Area B). All 
other detections of lead were below the MOE Non-Residential Soil Cleanup Standard of 
l .000 mg/kg. 

For cumulative cancer risks, risk levels were below the MOE remedial action level of l 0·5 for all 
areas evaluated, except the PW AN/SW AN area (Focus Area CJ and the East-Central Upland 
area. 

For the PW AN/SW AN area (Focus Area C), arsenic was the primary risk driver in both surface 
soil and subsurface soil. The maximum detected concentrations of arsenic in surface soil 
(220 mg/kg) and subsurface soil (l IO mg/kg) were found at sample location AN-06. In addition, 
elevated levels of arsenic (i.e., greater than an order of magnitude higher than the MOE Non
Residential Cleanup Standard) were found at sample locations AN-13 and AN-12. 

For the East-Central Upland area, cancer risk above the MOE remedial action level was due to 
PAHs, primarily benzo(a)pyrene, in surface soil sample location SB-44. Subsurface soil samples 
did not reveal a concern. PAH detections in all other surface soil samples within the East
Central Upland area were an order of magnitude lower. 

Exceedance of a non-cancer threshold of l were determined in the PW AN/SW AN area 
(Focus Area C), West-Central Upland area, South Upland area, Batch Attack Basin area, Upper 
Basin area, Middle Basin area, and Lower Basin area. There were no non-cancer concerns for 
the Former Titanium Ore Storage area (Focus Area A), Spent Solvent Storage area (Focus Area 
B), Landfill area, Northwest Upland area, and East-Central Upland area. 

For the PW AN/SW AN area (Focus Area C), exceedance of the non-cancer threshold was due to 
antimony in both surface and subsurface soil. Exceedances of the MOE Non-Residential Soil 
Cleanup Standard for antimony were limited to those locations in the southernmost portion of the 
area (AN-03, AN-07, AN-08, AN-l l, and AN-12). 
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For the remainder of the areas, exceedances of the non-cancer threshold of 1 were due to 
vanadium. Within the West-Central Upland area, subsurface soil samples revealed high levels of 
vanadium. Exceedances are driven by sampling location SB-27 at 6 to 8 ft bgs, with a maximum 
concentration of 6,000 mg/kg. Within the South Upland area, subsurface soil samples revealed 
high levels of vanadium with a non-cancer HI of 7. Exceedances are driven primarily from 
sampling location SB-50, with all other exceedances limited to sampling locations SB-49 and 
SB-55. Within the Batch Attack Basin, soil samples revealed high levels of vanadium with a 
non-cancer HI of 4. The highest exceedances occur within the central and eastern portion of the 
Batch Attack Basin that is highly saturated or is currently inundated with water and includes 
sample locations BB-03 through BB-08. Within the Upper Basin area, subsurface soil samples 
revealed high levels of vanadium with a non-cancer HI of 3. All sample locations, except UB-
05, had exceedances in subsurface soils. Within the Middle Basin, surface soil samples at all 
five sampling locations revealed high levels of vanadium with a non-cancer HI of 6. Within the 
Lower Basin, surface and subsurface soil samples revealed high levels of vanadium with non
cancer His of 5 and 8, respectively. Sample location LB-04 at 6 to 8 ft bgs was the only 
sampling location without exceedances due to vanadium. 

In summary. the PW AN/SWAN area (Focus Area C). West-Central Upland area. East-Central 
Upland area, South Upland area, Batch Attack Basin. Upper Basin, Middle Basin, and Lower 
Basin are recommended for additional risk management decisions. The remainder of the Site did 
not reveal human health concerns for potential worker exposures. 
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6. CONCLUSIONS 

The Phase II ESA evaluated soil, groundwater, sediment, and surface water sample data 
collected from the Site. The goal of this investigation was to evaluate the potential for the 
historical Site uses to have impacted the environmental integrity of soil and groundwater at the 
Site, to further evaluate areas of previously identified suspect conditions, and to provide Site
wide comprehensive characterization data. Information obtained as part of this investigation is 
intended to support efforts associated with the proposed expansion of the adjoining Cox Creek 
DMCF and to support potential future use(s) of the Site by MPA. 

Shallow and subsurface soil samples and/or groundwater samples were collected from four 
identified upland AOCs and from Site-wide locations in the upland areas of the Site, which were 
divided into four additional areas (Northwest Upland, West-Central Upland, East-Central 
Upland, and South Upland). Results from analyses of samples collected from the AOC areas and 
Site-wide locations identified elevated concentrations of metals, PAHs, TPH-DRO, and 
dioxins/furans in soil and groundwater in certain areas of the Site. The pH of soils, which in 
some areas has been altered by historical Site operations, varied across the Site and with depth, 
in the range of2.4 to 11.9, and was generally lower at depth. Soils with pHs below 3.5 occurred 
in the subsurface of the PW AN/SW AN area and at three scattered locations in the central portion 
of the Site near the treatment/storage basins. Radiation surveys and radioactive isotope analysis 
of soils from the Former Titanium Ore Storage area indicated residual radioactivity generally 
consistent with natural background levels. 

Additionally, shallow and subsurface soil, surface sediment, and/or surface water samples were 
collected from the four treatment/storage basins (Batch Attack, Upper Settling, Middle Settling, 
and Lower Settling), which were also identified as AOCs. Results from analyses of these 
samples identified elevated concentrations of metals and dioxins/furans in soil and sediment 
from the basins. Surface water also contained metals at slightly elevated concentrations. The pH 
of sediment samples collected was generally neutral to alkaline, with a few samples having pH 
below 5; however, results of a separate analysis of deep sediments in the Batch Attack and 
Lower Settling Basins, conducted by TRC on behalf of Cristal, indicate that low-pH sediments 
are present at various depths. 

In addition to the analyses of discrete samples from the uplands and the basins, analysis of 
dioxins and furans was performed on soil samples from three discrete Site-wide locations, four 
composite soil samples from the areas of the landfill, and one composite soil sample from each 
of the other AOCs. Eighteen groundwater and three surface water samples were also analyzed 
for dioxins and furans. 

A human health risk evaluation was performed on the soil and sediment data, to determine 
attainment for analytes in comparison to the MDE Non-Residential Soil Cleanup Standards. 
Non-residential criteria are consistent with current Site use and zoning, and also with the 
anticipated land use as part of the Cox Creek DMCF. MDE has identified a remedial action level 
of 10·5 for carcinogenic risk, and a threshold hazard index (HI) of 1.0 for non-carcinogenic risk. 
Overall the reported concentrations in soil do not represent a significant human health risk to 
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construction/ maintenance workers, who are identified as the primary receptors; however, 
isolated areas of impact and potential risk were observed (Figure 5-1 ). Specific areas of risk and 
other concerns are noted below: 

• In the PW AN/SWAN area, elevated concentrations of metals (primarily arsenic and 
antimony) in shallow and subsurface soil drive both carcinogenic and non-cancer risks 
exceeding the MDE remedial action level of I 0-5 for carcinogens and the non-cancer 
threshold HI of 1.0. Soil pH in this area was highly variable, ranging from 2.48 to 9.30, 
with generally more acidic soils in the subsurface. 

• The PW ANIS WAN area also had one reported lead concentration exceeding the MDE 
Non-Residential Cleanup Standard, and TCLP analysis of this sample indicated that the 
lead may be leachable and therefore potentially mobile. TCLP results from the Former 
Titanium Ore Storage area also indicated potentially mobile lead. 

• In the East-Central Upland area, PAHs in surface soil, primarily at location SB-44, drive 
carcinogenic risks exceeding the MDE remedial action level of 1 o-5. TPH-DRO 
exceeding the MDE Non-Residential Cleanup Standard was also reported in surface soil 
from location SB-44. 

• Vanadium drives non-cancer risks exceeding the acceptable threshold in surface and/or 
subsurface soil and sediment from the West-Central Upland and South Upland areas. as 
well as the four basins (Batch Attack. Upper Settling, Middle Settling, and Lower 
Settling). Manganese is also a secondary. but substantial contributor to risk in the Middle 
Settling Basin. Although vanadium concentrations were not reported for the TRC 
sediment cores. overall concentrations of other metals in that dataset are of similar 
magnitude. 

• In addition to location SB-44. TPH-DRO was present in soil at concentrations exceeding 
the MDE Non-Residential Cleanup Standard at one location in the Spent Solvent Storage 
area, and at two sample locations in the West-Central Upland area. Soil at these locations 
may have been impacted by nearby OWSs and historic USTs. 

Groundwater concentrations were not incorporated into the risk assessment because groundwater 
is not used as a potable water supply, and no such use is expected in the future. Many of the 
metals and PAHs that were reported at concentrations exceeding MDE Non-Residential Cleanup 
Standards in soil were also reported at concentrations exceeding the MDE Cleanup Standards in 
groundwater. A few isolated exceedances of other metals, other PAHs. VOCs, and non-PAH 
SVOCs were also reported in groundwater, in addition to dioxins, as described in the next 
paragraph. The results do not indicate any widespread plumes of organic contaminants in Site 
groundwater. 

Dioxin and furan results were not incorporated into the risk assessment, due to the lack of a 
complete set of discrete, Site-wide data comparable to the data collected for other parameters. 
However, dioxins and furans are recognized byproducts of the chlorinators used in the chloride 
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process for manufacturing titanium dioxide (US EPA 200 I), and appear to be widespread in the 
Settling Basins that received waste products from the chloride process. Dioxin/furan results 
were used to calculate TEQs for human exposure, which were compared to the USEPA RSL for 
Industrial Soil and MCL for groundwater. This screening indicated that dioxins and furans in 
soil from the northern edge of the landfill (Area I), as well as sediments from the Upper, Middle, 
and Lower Settling Basins, pose a potential risk to human health. The TEQs for the Upper and 
Middle Settling Basins were more than 20 times the RSL. The Batch Attack Basin may contain 
dioxins/furans at lower concentrations because this basin received primarily sulfuric acid waste 
streams from the sulfate process (rather than the chloride process) for manufacturing titanium 
dioxide). The TEQs for groundwater from locations SB-53 and SB-59, in the South Upland area, 
were IO to 20 times the MCL; no soils from this area were analyzed for dioxins and furans. The 
primary dioxin concerns appear to be in the sediments of the basins, and in the groundwater and 
potentially the soils of the South Upland area, which is adjacent to the Lower and Middle 
Settling Basins. Elevated concentrations of metals were reported in these same areas and media. 
Additional characterization could help to refine the risks associated with dioxins and furans in 
these areas. 

Table 6-1 summarizes the risk evaluation findings and other concerns identified for each of the 
AOCs (upland and basins) and the upland areas sampled as part of Site-wide sampling. The 
Phase II Investigation and the TRC basin investigation results provide sufficient characterization 
information to identify and evaluate potential remedial alternatives associated with Site 
redevelopment as a DMCF. Due to the complex nature of the Site, the remedial options will be 
discussed with the development team to focus cost estimating efforts. 
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Table 6-1 Summary of Phase II ESA Findings 
Human Health Risk Evaluation for 

Area Soil/Sediment<•> Other Concerns 
Upland Areas of Concern/Focus Areas 
Former Titanium Ore 

No risk concerns 
Leachable lead at hazardous waste levels 

Storave Area identified in one samnle 
TPH-DRO exceeded the MOE Non-Residential 

Spent Solvent Storage Area No risk concerns Cleanup Level in surface and subsurface soil 
from one location. 

Primary/Secondary Waste Risk exceeding action level/threshold, 
Leachable lead at hazardous waste levels 

Acid Neutralization Area 
driven by arsenic and antimony in 

identified in one sample 
surface and subsurface soil 

Landfill Area No risk concerns Dioxins exceeded the USEPA RSL in one 
comoosite samnle of waste. 

Unland Site-Wide Samnline Grid 
Northwest Uoland Area No risk concerns 

TPH-DRO exceeded the MOE Non-Residential 

West-Central Upland Area Risk exceeding threshold, driven by Cleanup Level in two samples from near a 
vanadium in subsurface soil former underground storage tank and an oil-

water senarator. 
Risk exceeding action level, driven by 

I 
TPH-DRO exceeded the MOE Non-Residential 

East-Central Upland Arca PAHs in surface soil, primarily at one Cleanup Level in one sample. co-located with 
location PAHs. 

South Upland Area Risk exceeding threshold, driven by Dioxins exceeded the USEPA MCL in two 
vanadium in subsurface soil groundwater samples. 

Treatment/Stora~e Basin Areas of Concern 

Risk exceeding threshold, driven by High concentrations of chromium, iron. and 
Upper Settling Basin vanadium in surface and subsurface manganese. Dioxins in sediment exceeded 

sediment and soil USEPA RSL. 

Risk exceeding threshold, driven by I 
High concentrations of chromium, iron, and 

Middle Basin manganese. Dioxins in sediment exceeded vanadium and manganese in sediment 
USEPA RSL. 

Risk exceeding threshold, driven by High concentrations of chromium, iron, and 
Lower Settling Basin vanadium in surface and subsurface manganese. Dioxins in sediment exceeded 

sediment and soil USEPA RSL. 
Currently under MOE Administrative Consent 

Risk exceeding threshold, driven by 
Order. Low pH material identified at depths 

Batch Attack Basin during another recent study. Groundwater 
vanadium and manganese in sediment 

remediation system in place to control low pH 
water leachini! from site. 

(a) Results of screening-level human health risk evaluation. using MOE Non-Residential Cleanup Levels and based on a 
construction/maintenance ,vorker exposure scenario. The MOE remedial action level for carcinogenic risk is 10-~. and the 
threshold for nonwcarcinogenic risks is a hazard index of 1.0. Risk assessment did not include dioxin results. 

NOTES: MCL - Maximum Contaminant Level. 
MDE - MarJ!and Department of the Environment. 
PAH - Polycyclic aromatic hydrocarbon. 
RSL - Regional Screening Level. 
TPH-DRO - Total Petroleum Hydrocarbons-Diesel Range Organics. 
USEPA - United States Environmental Protection Agency. 
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7. DISCLAIMER 

EA does not warrant that there are no toxic or hazardous materials or contamination, nor does 
EA accept any liability if such are found at some future time, or could have been found if 
sampling or additional studies were conducted. EA does not assume responsibility for other 
environmental issues that may be associated with this subject property. 

In view of the rapidly changing status of environmental laws, regulations, and guidelines, EA 
cannot be responsible for changes in laws, regulations, or guidelines which occur after the study 
has been completed and which may affect the subject property. 
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3.00 Clay Black Stro~g Odo' Moi,: Soft Homo"eneous 
3.34 Clay Black Strong ooo, Mo1<t Soll Homoge~eou1 

.. 
. 

'nWbedded organic matter {gras, ,tal;,,s) 
Ge>at,nous ma<erial 

Paste-!i~e material 

H\Fn larrunat1on •nd paste-li>;e m•teroal 
Thin lom1nat1on and paS!e-!ike rnatena• 

Thin lamination and pas!e-1;1,e material 
Some lane- ra,neG mater,al 

2.% Sa~d 61acl: Strong Odo• Moi<t Soft HomogeMow, FiM-grarned ,and 

10.21 Re,,dual Brown None Wet Very ,of! Homoneneou, Gelafoou, to paste-like matedal 

lO.lO Re"'Ju,1 Slac\ None We1 Very soft Homogeneous Gelat,now, to paste•like material 
10.J3 Res,duol Black None Wet Very sof! Homog•Mow, Gelatmou, to pa,te-M,e mater,al 
10.}9 ~esidua: Black Slight OOor Wet very ,of! Homogeneous GelaMou, to pa,te-1,1.e material 
\O.ll Re,,dwal Blac;, SlrgM Odo, Wei Very ,of! Homo,eneous Gelat,nous to paste-lake material 

10.26 ~eMual Blac~ 5HgM OOor Wet Very ,oft Homogeneou, Gelatinous to ra.,e-h!:e mater,al 
9.98 Residual Black SligM Odor Wet Very ,on Homogeneou, Gelat,r.ou, to P•"e-lH,e mater,al 
S.39 Re,,dwal l>ght Grav None Wei Very ,oH Homogeneous Gelotmous to pa,te-lil,e matenal 

3.Sl ~e,,~ual Ugh\ Gray None Wet Very ,of! tlomogeneou, Gelatinou, to pa,t•·!•ke rnater;al 
3.18 Res,dua' Light Gray None Wet Very ,oft Homogeneous GelaMou, to oa<te-i,Se mate"al 
3 27 ReSldual L,ght Gray None Wet Very ,oh >iomo"eneou, GelaMou, to pa<te,i,ke ,~atonal 

2 97 Residual U ht Gra None Mo,,t ve,y ,ofl Heterogen•ous Thin lam;Mfo~ 
2 81 Res,J~,, Ught Gray None MOJ<t Ve,y ,oit Heterogeneous Thin lammat<on 

2.80 Re,idual Ught Gray None Mm,I ve,y ,oH Hetero·eneous Th,n Ian""'"°'' 
2.56 Re,,dual Light Gray None Mo,., Ver• so~ Heterogeneous Th;n laminat;o~ 
2.43 R~s,,faa' ltght Gray None Wet Very ,o!t Homogeneou, Paste-!il:e rnatenal 

2.5l Res:dual/Pea! Gray None MMI ve,y so~ Heterogeneous Sorne organic rnalte,, coa,se-~camed mater,al 
2 ~8 Res,dual/Peal Da,k Gray st,ong Otlc, Mo,,t S,rrn Homogeneou, Clay p,esent 

2.S7 Re,,dual/Clay Dark Gray None Mo;,t firm HomogeneOLI! Clay preseot 
3.8Q Res,Oual/Clay Oark Gray None Mo"t f>rm Homogeneous Clay present 
4 07 Re,,Oual/Clay Daik Grav None Mms< f,r,-,, !-<omo,eneous Clay present 

4.03 Res:dual/Clay Da,k Gray None Moist Firm Homogeneous Clay p,e,en< 
4.33 Res,Oual/Clay Dark Gray None Mo1<t f,rm Homogeneou; Clay preseM 
4.7\ Res,Ouol/Cloy Da,k Gray st,ong ode< Moa,t '""' Homogeneoos Clay P'•>ent 
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:0 

BAc-11 

" 

6AL-14 

8.45 

9.lS 

9.98 

2.B3 

2-~2 
2.36 
2.:l5 

:.:.w 
)4J 

2.71 

3,24 
; Jg 

4.37 

5.32 

9.58 

i 9.SO 
9.52 

9.% 
s.~ 
9.71 

9.32 
0.31 

l.S6 

l34 

S.56 

2.54 

2:37 

2.16 
2.09 

,.n 
z.04 

2."1 
).l6 
).7, 

S.48 

3A6 
J.6£ 

Rosio~al 
Re,iduol 
lie,iduai 

Re,idua! 
Reslduai 
Residual 

Residua; 
Re;,dua; 

Re<idua· 

Re.,dua' 

Re<!dua' 
Resio~al 
Re,,ct~,1 
Re,;dual 

Residual 
Res,dual 

~•"dual 
Residua' 
Re,,dual 

Clay 
Clay 
Clay 

~esidu>I 

Resid~al 
Re,ioua' 
Residual 

Residual 
Ro,idua: 
Re,;dua: 

Re<1dual 
Re,idual 

Residua 
Re.,dua! 

R~«ou•' 
Residua· 

Reoiduaf 
~e<ldual/Peat 
Residual/Peat 

Re,idual/Pea\ 

"""o~,v~ • ., 
Resid~al/Peat 

Residual 

~""dual 
Res,dua' 

Sa~d 

Table2 
Sample Deu,iption Peta\!, 

Cri>tal - liowl<in, Point Pl~nt 

a,own 

Brown 
81,ck 

Whne to Gra; Strong odor 
Wh,te to Gra; Stror,g odor 

WM• !o Gra Strong orior 
Wh,te to Gra; $tron~odo, 

WMetoGra1 
WMetoGra, 
WOitetoGro, 

Black 

WP1itetoGcar 
wh,tetoGra, 

None 
None 
NoM 

None 
None 
None 

White to Gra1 None 

White to Gra, NOM 

Bla,k Stron Odor 
Black Strong Odor 

Gra" 
Gray 
Black 

Black 
Black 
81ack 

Black 
Blac>, 
BlacS 

Wnlteto Gca1 

Wl'ltctoGrai 
Wh11et0Gra, 
WhitetoGra, 

WMeWG,av 
White 10Gra, 
White to Grav 

"' "a, 

"' Black 
81,ck 

B,aC> 

Blac< 
Gray 

Gra\' 

Gray 
s,,,k 

Strong Odor 
StrongO;Jor 
Strong Odor 

Nooe 

None 
None 
Nor,e 

None 
None 

None 
Non• 

None 

~OM 

None 
None 
Noe.e 

No~e 
None 

s1,oetodo, 
Sl1g'1\ Odo• 

Sl1 h!Odo, 

Sl,gn<Odor 
Siigh(0¢or 

Si, ht Odor 
s,,ghtOoor 
Slight Odor 

we, 
we, 
Wet 

we, 
We< 

wet 
Wet 
We< 

We< 

w" 
We< 

we, 
we, 
We< 

Wet 

Mo," 
Moist 
Mo,st 

Mo"t 

Mo"' 
Wet 
we, 
w,, 
We< 

we, 
w" 
We< 

Wet 
we, 
we, 

Moi<t 

Mo," 
Moist 
Mo,st 
Mo,,t 

we, 
Mo,st 

Moist 

Moist 

Mo,'st 

Moist 

Moist 

Mo1<t 
Mo,st 

·· .... • .. :.·•·· 
Homogeoeou, 
Homo<>eneo~, 

Very ,oft Homogone0o, 

Vo,y soft HomogeMou, 
Very soft Homogeaeou, 
Very soft Homoseneou, 

Ve,y,oft 
I ve•y ,oft 

Very soft 
ve,y,oft 

><omogen•ou, 
liomogeneous 
Momogeneou, 
~omogeneou, 

Very soft Homc•eneou, 

Ve"I scfT Hetero•eneous 
V.r··soft 'leter<,g<,neou, 

Very soft Homogeneous 
Very so!t Homogeoeo,o, 

very soft HomogeMoa, 
very ,oft Homogeneou, 

Very ,oft t•omo eneous 
Firm Hon>ogeoeous 
c,,m Homogeaeou, 
f,m, 

Firm 

f'rm 

Ver\' ,oft 
Very ,oft 
Ve,y,oft 

ver,;,oft 
Ve,y,o~ 
v.:-:,oft 

very,oft 

Ve"l>ofi 
Very,oft 

vory,oft 

Homo eneou, 
,;omogeneou, 
Homogenocu, 
Ho!l'ogeneou, 

Homogeneou, 
Homogeneous 

Homogeneoes 
Homo eoeou, 
Homogeoeo~, 

Homogeneous 
Homo oc,eau, 

~om~gonocu, 
Homogeneous 

Ve<\' ,oft Hetero£eneou, 
Very soft Hererogonecu, 

V•"I ,cft Heterogeneco, 
very soft ~omo eneou, 
Ver, soft rlomogeaoous 

very soft keterog~neous 
f;rm 

F,rm 

firm 
f,rm 

Homogeneo~; 

Homogeneous 
Homogeoeov, 
Homo Meoo, 

Homogeneous 

Homogeneous 
Homogeneous 
Homogeneous 

F,ne•gra,ned material 
Fine•gra,Mo .,.,atonal 

Sulfur o:Jor, oaste-lil:e mate"•' 
Sulfur od~r past•·l1ke material 

So:fur odor, paste-like 'nOterial 
Sulfur odor. oa,:e-ike materia' 

Thin i,m1oat1or,, medium to coar,e- raiooo ma\ernl 

Th,n iamioalio,\ medium to coar,e-gralnect mo!efial 
Loose, medium to coar,e· rained materia' 
Loo,~, rc.edtum to coar,e•gra,ned materiai 

Loo,e. rned,um to coarse-grainec ''"'""' 
!.oo,e, med,u<r. to ,carse•oramed ma\eda 
,o~,e, medrnrr. to coat,e·gra,ned matena' 

Fine to coar,o,grarned materiae 
f,oe to coorse-grained matetiai, geiat1oou, to paste-li,e mai""'' 

Fine to coa!,.-g,ai~•d material, oelat,sou, to p,,te-li<e mate"•' 
fine to coarse•gra,ned mate11ol, gol•tinous tc paste-like mat~,,.: 
Fme to coa,.e·g•a,nod matec,a,, ge1at;"°"' :o asto,l1ke "1a<er;o 

f;ne to coarse-graine~ matena:. gelatinous to pastH,ke ma\eriaS 
Fioo lo coarse.grained mate11ar. ~elatlnou, ,~ paste-like ma:er1a' 
F,n,, to coar<e·ora1ned ma\erlal, gelot1no~, to pa<te•l1ke maleria' 
r,ne ,c coar,e-g,a,ne~ material. gelatioou, tc pastH,][e materiai 

Fine to coarse-giaine~ ,.,,,e,..,, gelat,oous tc paste-rik, matonal 
Thrn !am,naticn. fnalole mate,;,I 
Thin lam,nation, friable maw;,, 
Thie, ,am;Mtlon. tnable rnatellal 

s~m~ organ,c ma Her 
Some organic matter and cla\' 
Some or anic matter as.a clay 

$011"• organic matt et aso clay 
Some o,~on,cmatte,and clay 

F,ne to med1um-graie.ed n,ator.al 
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' 
" " 

L58-01 " n 

" " ,s 

" ,a 

" 
" n 

" n 

" 

w 
lSB-02 

" n 

" 
" ,s 

" 
" " w 
n 
n 

8.17 
8.08 

7.53 

8.69 
,oo ·~ 9.0~ 
8.38 

8.16 
5.45 

4.54 

3.82 

3.24 

3.40 

3.JO 

3.58 
371 

rn 
5,37 

5.32 

5.53 

5.71 
6.81 

"' "' S.54 
9.74 

8.29 

8.47 

8.23 
8.18 

rn 
5.56 
4.61 

3.70 

J.58 

J.70 

3.40 

;M 

J.83 

l.47 
3.70 

4.09 

5.10 
5.47 

5.56 

Res,doa' 
ReMual 

Re,,dual 

Re<i<!ual 

ReMual 
Residual 
Re,idual 
Ros,duar 

Residual 
Residual 
Re,idua' 

Sill 
Sil! 

Peal 
Clay 
Clay 
(lay 
{!ay 

Clay 
(lay 

Clay 
Clay 
Clay 
Pea\ 

~esidual 
Res,dual 

Re,;dual 
Re<rdu,, 
Re,iduai 

R~<i<!ual 
Re,rdua' 

Residual 

Clay 
Clay 
Clay 
Cloy 

Sill 
Clay 
Clay 

Clay 
Peat 

Clay 
Clay 

Oay 
Clay 

Clay 

Brown i'IOM 
Brown Noe.e 

Brown None 
Brown NMe 
Black None 

light Gray None 

Light Gray None 
Ught Gray None 

Oark G,ay None 
L1~htGray None 
l;gh! Gray None 

White Nor,e 

U~ht Grav None 
(1ght Gray to Gray None 

Dar!<: Gray None 
Dark Gray NoM 
light Gray None 
Do,k Gray None 
Oa,kGray 
Oa,k Gray 

O"k Gray 
Dork Gray 
Dark Gray 

Brown 

Brown 

Brown 
Brown 
Brown 

B<own 
·"· Black 

Black 

l1ghtG,ay 

None 

None 
None 
None 
None 

None 

None 
None 

NoM 
No~e 
None 

None 
NGne 
None 

None 
ligh\Groy None 
l,ghtGray None 

UghtGray None 
White None 

Dari. Gray None 
Dar< Gray Nono 
Dari< Gray None 

Tabt.2 
Somplo D0>cripti<>n Detail, 

Cri,tal llawkins Po;n1 Pion! 

Wet 
We< 

We< 
We< 

We< 
We< 
we, 
we, 

we, 
we, 

Wet 
Wet 
we, 
we, 

Mo"t 
Ma;s1 

Moos! 
Mo«t 
Mo,,t 
Mm,t 

Moi>t 
Ma,st 
Mo,st 

Mai<! 

Wet 
We< 
we, 

we, 

we, 

Wet 
we: 

.··· ~ 
Very ,oft Homogeneous 

Very ,ot\ Homogeneous 
Very soft Homogeneous 
Very ,of! Homogeneous 

Very ,of: Homogeneou, 
ve~soft HomogeMou, 
Very soft Homogeneou, 

Very ,oft Homogeneou, 
Ve~• soft Homogeneous 

Soft Homo eneou, 

Soft Hom~gene~u, 
Ver sof: Homogeneous 
Very <oft Homo eaeous 

Very ,oft Hetero,eneous 

''. .. ,c'_: ·:.~.~-:: 7~ 

··.c:; . .... :·: .··: .. '.'. :. 

St,cky. pa,te-li!<:e material 

S!>cky, paste,like material 
St,cl<y,pa,to·likemateraal 
St,cky, pa,te~>ke material 

Sticky, pasto•l1ke mater,al 
St,cl;y, paste·like mateml 
St1eky.pa,le-l1kematerial 

51dy,paste-likema1e,;a1 
St,cky, p»te-likematenal 

81•ck grain, pte,ent 

Black grains present 
Organ, matter {st,cks, ,talXs. 2·1nche; ,n length) 

Firm Homogeneous ·'---------
Finn Homogeneous 

Soft Homogeneous 
Saft >lomogeneou, 

Homogeneou, 

Homogeneous 
Solt Homogeneous 
Soft HomogMeou, 
Sofl Homageneou, 
Soft ~etemgenocu, 

Ve,y soft Homogeneous 
Very soft Hor,,ogeneou, 

Ve,y sof: Homc•eneaus 
Ve,y ,oft ><omo"eneo.Js 

Paste•like mater.al 
Paste•l1ke moter,al 

Organic matte, pro<en! 

loo•e. £elat1no.-, mate,ial 
loose, gelatinous matenal 
loo,e, gelat,nm,s maw1al 

Loo,e. gelat1aou, mat<,r1al 
Very,oft Homogen"eo0o0, +------~loose. gelatinous rnateria: 

I Veryso!t Homogeneous loose. gelallnou, m"erial 
Very,aft 

Very soft 
Verysofl 

Homogeneous loose, gelatmou, molerral 
Homogeoeou, loo,~. gelatinous ma\enal 
Homo0 eneaus Strcky material 

Very sofl Homogeneous 
Very soft Homogeneous 
Very soft Homogeneous 
Very ,all Homogeneou, 

Very soft Hot~rogen~ou, ' 
Very ,oft Homogeneous 

Very ,of: Homogeneous 

St,cl;ymatenal 
St,ckvma1erra1 

S1,c'-ymate<ial 
Some black fino•grame<I mat err a: 

Some o,gao,c matter µce,ent 

Plashcmaterral 
Plasticmator,al 

61ack to B,o"n ' Sl,ght Odo, 

We< 

Wei 
we, 

We< 

Wet 
we, 

Wet 

We< 
we, 

we, 

Wet 
we, 
we, 

Very ,of! Heterogeneous 100% organic matter 
Dark Gray None Very soft Hetern eneau, 
Oa<k Gray Noee Vecy ,oft Homogeneous 
Da,k G,ay Ncne Ve,y soft Homogeneous 
Oa,k Gray None Ve<y soft Homo 0 eneou, 
Oa,< Gray None very sofl Homogeneous 

St,c!:y materra,, some o, am, matte, cre,ent 
Stici<ymater,al 

Stiely material 
StlCk"mater,al 
Sticl:ymater;a1 
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-,_, . 
1 3.2 i-

BAL-01 3 3.4 
5 2.3 

BAL-02 
1 2.5 
3 <0.86 
1 5.4 

BAL-03 3 4.3 
5 7.4 
1 <3.3 
3 <3.9 
5 <1.3 
7 6.1 

BAL-04 
9 4.7 

11 <1.3 
13 <1.1 

13 (DU-150402 4.6 
15 1.0 
17 3.9 
1 <32 
3 <2.1 
5 1.7 

BAL-OS 7 3.2 
9 12 
11 12 
13 4.2 
1 <33 
3 <32 
5 <1 3 
7 10 

BAL-06 9 14 
11 3.4 
13 1.9 
15 4.0 
17 7.3 
1 <2.2 
3 <1.9 
5 <1.7 
7 1.6 

BAL-07 9 15 
11 3.2 
13 <79 
15 4.1 
17 3.3 
1 <31 
3 <33 
5 <5.2 

BAL-08 
7 <2.0 
9 2.6 

11 5.0 
13 1.9 
15 60 
1 <2.2 
3 11 
5 <1.9 
7 2.9 

BAL-09 9 <1.8 
11 2.5 i 

11 IDU-150403 1.7 
13 24 
15 18 
1 <2.1 
3 <2.4 
5 <3.5 

5 fDU-1504041 <3.1 
BAL-10 7 <4.1 

9 10 
11 <1.7 
13 13 i. 
15 6.7 

Table 3 
Analytical Summary Table 

Cristal - Hawkins Point Plant 

~ -<0.30 32 5900 260 280 i+ <1.2 ui 

69 <0.29 35 2900 390 30 <1.2 
71 1.2 130 9400 150 39 <1.1 

25 <0.34 94 1900 22 40 <1.4 
56 <0.29 21 2200 370 90 <1.1 

170 <0.28 34 18000 200 85 <1.1 
170 <0.29 30 19000 270 79 <1.2 
180 <0.31 43 31000 260 90 <1.2 
150 <22 1500 180000 <2.2 32000 9.4 
120 <26 1600 190000 9.0 29000 9.4 

1200 <0.42 90 5000 1500 170 <1.7 
980 <0.76 89 26000 1300 840 <3.0 

2000 <0.64 64 46000 1600 1700 <2.5 
590 <0.43 19 6900 530 240 <1.7 
930 <0.38 30 11000 640 320 <1.5 

1200 <0.46 47 15000 760 480 <1.8 
130 <0.33 59 9200 340 280 <1.3 

1100 0.64 76 26000 640 810 <2.1 

170 <11 1700 86000 <21 22000 <42 

66 <14 110 9600 <1.4 930 <55 

710 <0.42 29 1900 750 35 <1.7 
1100 <0.46 66 3700 1500 110 <1.8 
1500 <0.81 140 21000 1600 560 <3.2 
2100 <0.52 130 12000 1300 460 <2.1 
2600 1.1 330 12000 2000 470 <1.8 

150 <11 1600 150000 <22 32000 12 
150 <11 1900 180000 <21 28000 10 
880 <0.43 28 2600 1100 100 <1.7 

1500 <O 81 91 24000 1900 540 <3.2 
1100 <0.87 430 35000 880 890 <3 5 

1400 <0.45 230 15000 1100 400 <1.8 
1900 <0.47 32 21000 1300 600 <1.9 
570 <0.43 46 15000 880 450 <1.7 
100 <O 44 58 19000 130 490 2.2 
61 <0.73 150 18000 <1.5 1300 <58 

56 <O 64 70 7100 <1.3 770 <51 

1900 <0.55 78 1900 2400 58 <44 

2100 <11 63 4300 2300 220 <43 

1500 <16 110 25000 1200 810 <65 

2100 <12 190 14000 1400 510 <47 

2800 <11 51 15000 2700 530 <42 

2000 <10 49 14000 1400 490 <42 

1600 <12 130 12000 1200 730 <49 

170 <10 3300T 250000 <21 35000 <83 

140 <11 2000 170000 <22 28000 <89 

24 <17 470 29000 <3.5 950 <140 
2300 <0.66 110 6800 2100 160 <52 

1400 0.91 42 14000 1800 570 <38 

1900 <0.63 53 21000 1600 760 <50 

720 <0.53 95 20000 1100 700 <42 

63 1.2 120 31000 600 550 <35 

56 <0.74 230 22000 10 1700 6.8 
220 <0.50 14 510 520 74 <2.0 
1400 <0.64 30 1400 2000 18 <2.6 
800 <0.82 24 2300 840 13 <3.3 

2900 <0.61 40 3400 2500 14 <2.4 
27i <0.33 2.9 330 43i 9.7 <1.3 
11 i <0.30 3.8 240 14 i 6.3 <1.2 
87 <0.40 53 2600 150 41 2.9 
60 0.51 240 33000 47 480 <1.6 
59 <0.71 89 8800 5.8 780 4.3 
61 <0.81 150 11000 7.0 780 <3.2 

170 <1.2 330 27000 12 1800 13 
200 <1.0 350 27000 <2.1 2000 11 
63 <1.4 230 18000 9.0 1100 <5.4 

780 <0.58 18 430 1400 7.3 <2.3 
1000 <0.56 49 4400 1900 18 <2.2 
1800 <1.0 18 2300 730j 31 <4.1 i-

820 <0.93 35 2500 1000 45 <3.7 
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Table 3 
Analytical Summary Table 

Cristal - Hawkins Point Plant 

rioij"'~ ~t.\, ; ' .. , .. , <PMAlnEte.Rr,~·; 
. ·. AIISENIC:S /WUUUM·:,·. RJM·· 

17 <1.8 3200 <0.62 

19 <1.3 150 <0.44 
BAL-10 

21 23 65 <0.38 {cont) 
23 16 35 0.93 
25 12 47 <0.41 
1 <3.2 160 <54 
3 <3.2 100 <1.1 
5 <3.0 80 <1.0 
7 <1.8 890 <0.59 
9 <1.9 1800 <0.62 
11 11 740 <0.83 

BAL-11 13 10 680i <0.83 
13 rDU-150401 2.6 1800 i <0.71 

15 <1.8 2300 <0.59 
17 <1.5 1000 <0.49 
19 40 72 0.83 
21 9.7 54 <0.45 
23 12 40 <0.38 
1 <2.8 110 <0.94 
3 <4.1 220 <1.4 
5 <3.6 ui 150 <1.2 
7 <3.4 93 <1.1 
9 <1.9 1800 <0.62 

BAL-14 11 9.6 210 <1 1 
13 11 470 <0.54 
15 <1.9 1200 <0.63 
17 34 170 <0.42 
19 12 88 <0.41 
21 12 44 <0.37 
23 11 29 <0.33 
1 <52 190 <1.7 

3 <37 110 <1.2 

5 <39 64 <13 

7 <35 110 <12 
7 (0U-150405J <40 120 1.5 

9 <34 99 1.2 

LSB-01 11 4.4 40 <0.47 

13 6.2 27 <0.51 

15 61 87 1.9 
17 9.2 31 <0.43 

19 13 59 <0.48 

21 17 61 <0.47 

23 15 49 <0.41 
1 <26 190 <8_6 
3 <18 140 <6.0 
5 <46 140 <1.5 
7 <41 110 <14 
9 4.4 59 <0.53 

LSB-02 11 3.6 45 <0.49 
13 <1 7 3.8 <0.57 
15 34 48 <0.38 
17 84 50 2.0 
19 17 55 <0.50 
21 17 57 <0.51 

' ' ' ' 
Analy11cal esu ls are eported m m lligrams per k1klgram (mg/kg) 

'" Feet below top of sediment 

< • Concen1rat,on less than the Quantita1ion um;t or not valrdaled ,f accompan,ed by a 'V' quahf1e, 
I. Concentration considered an estimate based on data validation 
1+ - Concentration considered an estimate biased h,gh based on data val1dat,or 
I·. Concentration considered an estimate biased low based on data validation 
UJ • Not detec1ed, quant,tat,on limit may be inaccurate or rmprecise 
Bold indicates consli1uen1 de1ecHon 

H I 
65 3400 

69 5800 
150 13000 
57 34000 
47 38000 

2000 220000 
170 18000 
120 11000 
23 740 
45 4600 
20 2300 
21 2100 
30 2500 
75 4700 
68 13000 
36 20000 
64 43000 
37 36000 
160 14000 
260 20000 
160 13000 
210 19000 
23 1100 
9.6 620 
22 1300 
61 5700 
26 6100 
32 11000 
85 12000 
66 26000 

2900 130000 
1400 100000 
2400 170000 
2700 180000 
3000 120000 
2500 100000 
140 1800 
60 3600 

170 15000 
56 15000 
59 45000 
61 43000 
51 30000 

2900 220000 
2400 190000 
3000 130000 
4300 230000 
600 13000 
110 780 
9.7 1500 
140 17000 
640 36000 
66 37000 
67 47000 

'' '. ,··~ • ·-a;. E 
2500 34 <2.5 

250 130 <1.8 

77 270 <1.5 

25 720 1.7 
33 940 <1.6 

<2.2 37000 11 
<2.2 1300 5.9 
<2.0 1000 <4.0 
810 14 <2.4 
2400 45 <2.5 
750 31 <3.3 

460i 35 <3.3 
1200 i 20 <2.8 
1700 68 <2.3 
860 450 <2.0 
160 350 3.8 
25 1000 <1.8 
28 1300 <1.5 

<1.9 1000 <3.7 
<2.7 2000 8.5 
<2.4 1100i+ 4.8 
<2.3 1900 4.6 
1900 16 <2.5 
470 21 <4.6 
370 7.0 <2.2 
950 9.3 <2.5 
290 110 1.8 
72 230 <1.6 
32 200 <1.5 
21 410 <1.3 

<3.5 35000 13 
<2.5 10000 <5.0 

<13 32000 11 
<12 33000 12 
<2.7 32000 11 
6.0 28000 9.1 

38 100 <1.9 

30 130 <2.0 

220 280 4.6 

26 360 <1.7 

30 1700 <1.9 

28 2200 2.4 
31 1100 <1.6 

5.2 18000 8.5 
<12 16000 5.5 
<3.0 34000 13 
<14 42000 14 
42 1500 <2.1 
50 83 <1.9 
23 99 <2.3 

200 160 5.3 
180 440 <4.4 
44 700 <2.0 
38 1800 <2.1 

Page 2 of 2 
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C. Authorized Wastes for the 65-Acre Parcel: 

The 65-acre parcel of the landfill may only accept coal combustion by product 
wastes generated from Brandon Shores, H.A. Wagner, and Crane energy 
production plants. 

D. Authorized Wastes for the 30-Acre Parcel: 

P•rt II - P•g< 2 of 6 

1. The 30-acre parcel of the landfill may accept the following wastes generated at 
the Hawkins Point Plant located at 3901 Fort Armistead Road, Baltimore, 
Maryland: 

.1. Pri1nary.gypsw11-sulfate pi;ocess; 

ii. Secondary gypsum-sulfate process; 

iii. Lagoon dre<lgingichloride process solids-chloride process; 

iv. Neutralized batch mud-sulfate process; 

v. Misce!Jaueous-calciner brick, excavated soil from plant constrnction 
and maintenance, etc., 

v1. Dcwatered dred_ged solids from the chloride process settling basins; 

v11. Refractory brick and brick solids from th" calciner kilns, batch attack 
vessels, and chlorinators; 

viiL Settled solids from the settling basins on the landfill; 

1x. Batch attack mud; 

x. Batch attack vessel refractory brick and brick solids; 

xi. Chlorinator refractory brick and brick solids; 

xu. Excavated soil, clay and rubble; 

xiii. Residual magnesium hydroxide, sodium hydroxide; 

xiv. Unreacted ore residues from the batch attack process; 

xv. Chlorinator bed material; 

Refuse Disposal Permit 



xvi. Lime grit; Process refractory; 

xvii. Titanium oxide/sand mill wastes; 

xviii. Sandblast material 

xix. Silica wastes; and 

xx. Road asphalt. 

2. Third party waste that is compatible to the waste stream generated by the 
Hawkins Point Plant may be accepted at the 30-acre parcel. This waste 
stream shall be non-hazardous industriaLwaste or waste excluded from 
RCRA Subtitle C regulation under 40 CFR§261.4(b)(7). 

3. If the permittcc desires to dispose of any waste other thm1 the authorized 
wastes, the permittee shall submit a written request to the Department for 
authorization to dispose of the waste, including a complete waste 
characterization. The Department shall respond to the permiltee's request 
in a timely manner. The permittee shall not accept any waste material for 
which such a request is made until it receives written authorization from 
the Department. 

E. Waste Characterization for the 30-Acre Parcel: 

l. 

2. 

3. 

Part II - Page 3 of 6 

Third party waste described in Part II D.2 shall be sampled and mnlyzed in 
accordance with EPA approved Toxicity Characteristic Leaching 
Procedure (TCLP) and the EPA Publication SW-846 prior to disposal. 

Ibe permittee shall give notice to the Department of changes to tl1e 
operation at the plant which may affect the chemical characteristic of the 
authorized wastes. In the event of such changes, the pem,ittee shall re
characterize the waste as specified in D.3, and submit the characterization 
data to the Department for a written authorization prior to the disposal at 
the landfill. 

All data on waste characterization including routine daily waste analyses 
shall be kept in a logbook on-site. The logbook shall be available for 
inspection by the Department representative at all times during the 
operating hours of the landfill. 

Refuse Disposal Permit 
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SOil BORiNG lOG 
11-lOlE" NUMBrn 

AN-01 

1. COMPANY NAME 2. DRILL SUBCONTRACTOR SHHT SHEETS 

URBAN GRHN [NV!RONM[NTAL, LLC GSI Mid-A!lanm, Inc. 1 of 1 

3. PROffCT 

CRISTAL USA FACILITY 

7. NAME Of DRILLtR s. MANUFACTURrn·s DESIGNATION Of DRlll 

Don Marchese GEOPROBE 7822DT 

t9. SIZ[SAND n'PfS Of DRILLING AND SAMPLING EQUIPM£NT 10 SURFACf flfVATION ANO CONDITIONS 

2 m., 5 ft. macrocore 

TYPE OF LINER USED, If APPLICABLE A$phall - Near Maintenance Bu;ld1ng 1n the noithwestem pomon of the PWAN/SWAN A tea 

KDP< 

ll. DI Rf CT READING PARAMETERS 12. DAT£ AND TIME STARTED 113. DATf AND TIME COMPLETED 

PIO /TOTAL VOCS / 11.7 l;V / MINIRAI; 3000 4/6/lS 8:35 ' 4/6/15 8 50 

14. OVERBURDEN TKICKNESS 15. DEPTH GROUNDWATER ENCOUNTER£D 

>15' ,;· 

16. Dff>TH DRILLED INTO ROCK 17. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COM Pl ET to 

" " 18. TOTAL DEPTH Of HOLE 19. OTHER WAHR lEVft MEASUREMENTS (SPECIFY) ,,. 
" lO WELL INSTALL1:D' ( SO COMPLETE CONSTRUCTION DIAGRAM SAMPlt TYP[· 

,o OMS 

21. SAMPlt INTERVAL AND OfSIGNATION FOR LAB AN At YSIS I SAMPLE l!HERVAL AND DESIGNATION FOR HELD SCRHNING AN Al YSIS SCR[ENING ANALYSIS 

5ml ,amp!es calle<:ted at 1 ta 3 lee\ below grade (AN-011-3) and 11 ,o 13 

feet below erade (AN·Ol Jl·l3) Every 2 fe,.t \Jpprox,mate) for VOCs with a PID ,oc, 
12. DISPOSIT!ON If NOT A Wfll, BACKFILLED WITH 23. GEOLOGIST 

Of HOLE Cutting, Kathenne Chnstensen 

uses IDEPTH 

ANALYTICAL DEPTH RECOV[RY 

DESCRIPTION OF MATfRIAlS DIRECT READING id) SAMPLE D£SIGN ,~, % REMARKS 

LOG (FT) ,oc Dapth of 

l•I '" 
,,, !ppm) Readmg l•I 10 '" 0-1' Asphall and gravel 00 0-2" 

--- -------- --- ---

H Red·brown ftne SAND 
AN-01 1-3 (one 8 o,. soil Jar and 

No v,.woi e,•1dem:e of stoinmg or 
0.0 2-4' enco,es) 'lO'l/-

--· odor observed 
;a· Tanf,neSAND . 
4-5' Red-brnwr. medium-fine SANO, moist 0.0 4-6· 

S-T Red-brown med,um-f,ne SAND. mo:st 

I ----·--- ' 
00 ea 

No v,suoi ev,dence of ,m11nmg or 
7•8' Tans,ltyCLAY 75% 

odor observed ,-- ---- - ··-· I 8-9' Red fine SAND. moist co 8-10' 
-- -------------

HO' Red and white CLAY 

11).11' Ugh! red med,um-f,ne SAND. moist 00 10-12' 

11-B Tan "'ndy CLAY, mrns! 
AN-Ol J; J.3 lone 8 o.,. ,011 Jar and I 

75;(, 
No vi,uol evidence of s!oming or 

00 12-14 ~nwres, 
oda, observed -·--·-·· ----- ' 13-l~' Brown med,um-llne SAND, we! 

14-15' Red medium-fine SAND, we! co 14-1S 

Borehole iern,mo,ed a, 15/eel below grode -
-
-

I -
I - I 

- I 

' - ! 
-
-
-
- I -
-

-
I -

- I 
- I -
- ! 

-
-
-
-
-
- I 

PROJECT HOl[ NO. 

CRISTAL USA FACILITY AN·Ol 



ko1t llORlNG lOG 
1. COMPANY NAME 

URBAN GRHN ENVIRONMf:NTAl, lLC 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRllLER 

Don Marchese 

9. SIZES AND TYPES OF DRILLING ANO SAMPLING WUIPMCNT 

2 ,n., S ft. macroco,e 

lYPE OF LINER USED. IF APPLICABLE 

HDPE 

11. DIRECT READING PARAMErrns 

PIO /TOTAL voes/ 11.7 f.V / MINIRAl 3000 

14. OVfRBURDEN THICKNESS 
>1S' 

16 OtPTH DRILLED INTO ROCK 

" lB. TOTAL DEPTH OF HOLE 
,s· 

20 WHl INSTAllED' IF 50 COM Pl.Hf. CONSTRUCTION DIAGRAM 

,o 

2 DRlll SUBCONTRACTOR 

GSI Mid·Atlant.c, Inc 

HOLE NUMBER 

8. MANUFACTURER'S DESIGNATION OF DRILL 
GEOPROBE 7S220T 

10. 5URFAC£ HEVAT10N ANO CONDIT10NS 

AN·02 

SHHT SiiEETS 

1 of l 

Gravel· Near 0003 Sump 1n the northwestern porn on of the PWAN/SWAN Area 

12. DA TEANO rlME STARTfD 

4/6/lS 9:05 
lS. DEPTH GROIJNOWAHR ENCOUNHRtD 

w 

13. OATf AND TIME COMPLETED 

4/6/15 9.6 

17. DEPTH TO WAHR AND ElAPSEDTIME AFTER DRIUING COMPLETED 

19. OTHER WATER LEVEL MEASUREMENTS (WfCIFV) 

" SAMPlElYP£ 

GMB 

21: ,AMPLE INTERVAL AND DESIGNATION FOR LAB ANALYSIS ISAMPlE INTERVAL AND DESIG.NATIDN FOR.FIELD SCR[ENING ANALYSIS. 
So,I sample, collected at 1.5 to 3.S IP.et below grade {AN-02 l.S-3.5) and S 
o 10 feet below -,ade (AN-02 8-10) fverv 2 feet 1appro~•mate) for VOCs w,th a PID 

SCREENING ANALYSIS 

VDCs 

22. DISPOSITION 

OF HOLE 

uses DEPTH 

LOG (FT) 

fa[ [of 

0-0.5' 

0.5-1.5' 

1.S-S' 

S-7' 

If NOT A WHL BACKFILLED WITH 

Cuttings 

DESCRIPTION OF MATERIALS 

(c) 

Flll {Red-brnwn m<!d,wm fine ',ANO) 

Fill (Concrete and gravel) 

Red-brown fine SANO 

R<>d-brnwn f,ne >ANO 

DI Rf CT READING (d) 

VD( Depth of 

{ppm) Rudir, 

u 

23. GEOLOGIST 

ANALYrlCAl 

SAMPLC DESIGN 

,,, 

2-4' AN-011.S-3.S (or,e 8 "'· soil jat and 

encores!; DlJP-10 

o.s 4-6' 

5-8' 

Katherme CJmstensen 

DEPTH RECOVERY 

(f""f) % 

'" '" 
50% 

Rl:MARKS 

No v1Su(1/ ewdence of strnnmg or 

odor ob,erved 

No V1>uDI ev,dence ofst<llf11f1g or 

cxfor observed 
J\N-Oi 8-iO lone 8 o,. soil Jar and 

1----~---------------------l---l---1--C'c"c0c'':c'1c· Mc'c1c"c'0c0c':__,.... __ 1----1-------------
Red medium-fine SAND, moist!! to 10 feet O.S 8-10 

PROJfCT· 

10·14' 

14-145' 

14 5-15' 

Red medium-line SAND, wet 

' 
Tanand,edClAY 

Brown medium-fine SANO 

_ 8orefwle remmtated o/ 15 fee/ below 9rnde 

-

-
--
-

-

-
-
-

. 

-

-

-
-
-
-

-

-

-
-

CRISTAL USA FACILITY 

u 10-12' 

'' 12-14' 

'' 

HOLE NO. 

I 
I 

I 
' 

AN-02 

75% 
No V/Sua/ e•,dence of sta,mn9 or 

ado, ob,erved 



is Oil BORING lOG 
1- COMPANY NAME 

URBAN GRttN (NVIRONMENTAL Ll( 

3. PROJECT 

CRISTAL U5A FACILITY 

7. NAM£ OF DRlllER 

Don Marchese 

9 SIZES AND Tl'PES OF DRILLING AND SAMPLING EQUIPMENT 

2 ,n. ll S It. macrornre 

TYPE OF LINtR USED, If APPLICABU: 

HOP£ 

11. DIRECT READING PMAMETtRS· 

PIO /TOTAl VOCS / 11. 7 EV/ MINIRAf 3000 

14. OVERBURDEN THICKNESS 
,,s· 

16- DEPTH DRllLED INTO ROCK 

" 18 TOTAL DEPTH OF HOU 
,s· 

20- :;ll1NSTALl£D> (SOCOMPlHE CONSTRUCTION DIAGRAM 

21. SAMPLE INTrnVAl AND DESIGNATION FOR lAB ANALYSIS 

S<Jjl sample, collected at 1 to 3 feet below grade (AN-03 1-3) and 9 to 11 

feet below ~rnde jAN-03 9-11) 

22. DISPOS!TION If NOT A WELL, BACKFILLID WiTI--1 

OFHOlE Cuttings 

uses DEPTH D[SCRlrTION Of MAHRIALS 

WC (ITI 

1,1 lol (cl 

{J-1' Asphalt . 

,s Red-brcwn CLAY with ltne ol blad, sand at 4_5 feN 

5-T Brown Cl.A\', mo,s! 

7-10' 

10-11" Red-b<own fine SAND, motst ............... 
11-12' Red-brown sandy ClAY, wet 

·--'-. . -----------------

12·15' J,ght tan sil!y CLAY. mo,st 

Borehole wmmaled al 15/ul bdow grade -
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-

PROJECT 

CRISTAL USA FACILITY 

2. DRILLSUBCONTRAC10R 

GSIM,d·Atlant<e,lrtc 

HOLE NUMBER 

8_ MANUFACTURER'S Dl'SIGNATION OF DRIU 

GEOPROBE 7822DT 

10. SURFACE EL[VATION AND CONDITIONS 

AN-01 

SHHT 5HHT5 

1 of 1 

Asphalt - Near blue garage jn the western pomon of the PWAN/SWMI. Area 

12_ DAT!' AND TIM!c STARTfO 

4/6/15 7 40 
15_ DEPTH GROUNOWAHR ENCOUNTERED 

11' 

13. DATE ANDTIMf COMPlHED 

4/6/15 8 00 

17, DEPTH TO WAHR AND flAPSED TIME AfTER ORIWNG COMPLETED 

" 19 OTI--IER WATER L[Vtl MlASUR[MtNTS (SPECIFY) 

SAMPlETYP!c 

GRAB 

/

SAMPLE imERvAL AND Df)IGNATION FOR FIELD SCREENING ANALYSIS-

Every 2 feet {apprnxrmatel for VOCs w,th a PID 

SCRHNING ANALYSIS 

23. GEOLOGISl 
Katherme Christensen 

ANALYlKAl DEPTH RECOVERY 

DIR£0 READING (d) SAMPU DESIGN {f'T) % REMARKS 

,cc Depth of 
(ppm) Reading lei "' '" 0.0 0-2' 

.... 

AN-03 l-3 {on~ 8 o, so,I Jar and 
No v,«10! evidence of>1ammg or 

0.0 2-4' ~ncoresl 7$% 
odor observed 

00 4-6' 

0.0 6-8' 
No v,.,~oi ev1den,:e of stwrt,ng or 

100% 
odor ob5e1 ved 

00 3-10 

00 10--v· AN-03 g-11 {one 8 o,. so•I i•r and . 
encores) 

00 12-14' 100% 
No vi,~ol ev,dence of stom,ng 01 

odor ob,erved 

00 14-15' 

HOl[ NO 

AN-03 



SOIL BORING lOG 
l. COMPANY NAME 

URBAN GRHN ENVIRONMENTAL, LLC 

3. PROJECT 
CRIST Al USA fACtllTY 

7. NAME OF DRILLER 

DonMa"hese 

9. S12ESANO TYPES OF DRllllNG AND SAMPLING EQUIPM[N1 

l m. x 5 It. macrncore 

2 DRIU SUBCONTRACTOR 
GSI Mid-Atlanuc, Inc 

HOIENUMBER 

8. MANUFACTURER'S DESIGNATION OF DRlll 

GWPROSE 7822DT 

10. SURFACE ELEVATION AND CONDITIONS 

SHHT StiEflS 
1 o! 1 

lr.n OF LINER USED, If APPLICABLE 

HOPE 
Concrete - Near diesel aod gasolme aboveground storage tanks'" the central port,on of the PWAN/SWAN Area 

11. DIRECT READING PARAMETERS· 

PIO /TOTAL voes/ 11. 7 EV/ MINIRA[ 3000 

14. OVERBURDEN THIC~NtSS 

>13' 

12. DA ft ANO TIMI' STARTED 

4/6/15 8:05 

15. DEPTH GROUNDWAT!:R tNCOUNTERED ,, 
13. DATE AND TlME COMPLETED 

4/6/15 8:20 

15. DEPTH DRILLfD INTO ROCK 

" 
17. DEPTH TO WATER AND HAPSl:D TIME AFTf.R DRllllNG COMPLETfD 

" 18. TOTAL DEPTH Of HOLE 

B 
10. WElL INSTALLED'! IF SO COMPLETE CONSTRUCTION DIAGRAM 

VfS, TEMPORARY 

19. OTHER WATER lEVOL Ml:ASUREMENTS ISPEC!FY) 

" SAMPlt TYPE 

'"" 11: SAM Pl£ INfrnVAl AND DtSIGNATION FOR LAB ANALYSIS !SAMPLE INHRVAL AND DESIGNAT!ON fOR fl ELD SCREENING ANALYSIS-

So,1 samples ccllected at O !o 2 feet below grade (AN-04 0-2) and 6 to 8 feet 

below "rad~ {AN-04 6-8) Every 2 feet (Jpprox1mJte) for voe, w,th a PID 
22. DISPOSITION If- NOT A WELL, BACKFIUl:D WITH; 23. GEOLOGIST 
OF HOLE 

uses DEPTH 

LOG (FT) 

(a) (bl 

PROJECT 

0-0.5' 

_o:s_:3' 
1-4' 

-
4-4.5' 

4.5-5' 

5-8' 

8-10' 

10-H' 

12-13' 

C,mir,gs 

DESCRIPTION N MATERIALS 

Concrete and grnvel 

Brown sandy CLAY, we! 

_R,,_d_-brown f,ne SAND 

Red and whne CLAY 

Brawn and red fine SANO 

Hed fine SAND 

,_ 
Tan fine SAND, wet 

Red fme SAND, mo,sl 

' 
Tan fine SAND, moos! 

1,1 

_ Borehole terminated at 1.lfeN below g,ode, pfoced temporary 

9rnundwoter momtonnq well with 1Dfeer of <cree" ond 5 feet ofco,mg re 
ground .surface 

---

-
-
-
--

-

-

-

-
-
-

-
-

-
-
-
-
-- --

CRISTAL USA FACILITY 

DIRECT R£ADING {d) 

voe Depth of 
(ppm) Read,n• 

co 

4-6' 

6-8' 

8-10' 

10-,)2" 

0,0 1213' 

HOLE NO 

ANALYTICAi 

SAMPlf DfSIGN. 

l•I 
AN-04 0,} (one 8 o,. soil Jar and 

encores) 

/\N-04 0-8 fon~ 8 o,. ,o,l 1ar and 

encores) 

~atheflne Chnstensen 

DEPTH RECOVERY 

(FTI % 

'" '" 
100% 

50')( 

50,( 

I 

I 

I 
i 
I 
I 

I 

AN-04 

SCREENING ANAlYSIS 

voe, 

REMARKS 

No visuol evidence of stc,,mng or 

odor observed 

I No v,sua/ evidence of st<1,mng or 
odor ob,erved 

No vm,ol evidence of<toining or 

odor observed 



SOit BORING LOG 
IHOI.E NUMBER 

AN·05 
l. COMPANY NAME 2. DRILL SUIICONTRACTOR SHEET SHHTS 

URIIAN GRHN ENVIRONMENTAL, llC GSI Mid-Atlantic, Inc. 1 of 1 

3. PROJECT 

CRISTAL USA FAC!LITY 

7. NAME OF DRILLER 8. MANUfACTURfKS DESIGNATION OF DR Ill 

Don Marchese GEOPROII£ 782201 

9. S!Z[S AND TYPES Of ORllUNG AND SAMPLING EQUIPMENT 10. SURFACE ELEVATION AND CONDITIONS 

2 in. x S It. macrocore 

TYPf_ OF LINER US1'D. IF APPLICA6t.E Grass - On hill ,n the northern port;on of th" PWAN/SWAN Area located near the larg" abov,,grnund storage tanks 

HOPE 
11. DIRf(T READING PARAMETrns 12. DATE AND TIME STARTED 13. DATE AND TIM[ COMPLETED 

PID / TOTAL voes/ 11.7 EV/ MINIRA!' 3000 4/6/15 9:35 4/6/15 9.55 
14. OVERBURDEN THICKNESS 15. OEPHI GROUNDWATER ENCOUNTERED 

>CS' " 16 DEPTH 0Rltl£D INTO ROCK 17. OEPlH TO WATER AND flAPSEO TIMf Anrn DRllllNG COMPLETED 

" " 18. TOTAL DEPTH Of HOLE 19. OTuER WAHR LfVfl MEASUREMENTS (5PfflFY) 

,S' " 20 WELL INSTALLfO' llf 50 COMPlfTE CONSTRUCTION DIAGRAM SAMPl[ lYPt, 

'° '""' 21. 5AMP!E INTERVAL AND DESIGNATION FOR LAB ANALYSIS /SAMPLE INHRVAL AND DESIGNATION FOR mw 5CR£ENING ANALYSIS. SCREtNING ANALYSIS 

501! <am pies collected at Oto 2 feet below E•ad<' (AN-05 0-21 ~nd 13 to JS 

feet below ~rade IAN--05 13-15) Evt>ry 2 feet {approx,mate) for voe~ with a PID voes 

22. OlSPOSITION lfNOTAWfll BACKflllfOWITH 23. G[OLOGIST 

OfHDlE Cuttmgs Katherine Chmt,,nsen 

uses !OEPTK 

ANAlYTICAl i DEPTH RECOVtRY 

DESCRIPTION Of MATERIALS DIRECT READING (d) SAMPLE DESIGN I {FT) % REMARKS 

lOG (H) ,o, Depth o! 
I ,,, ,,, ,,, (ppm) Read mg lei '" 1,1 

O--OS Red rned,um.fine SANO and gravei u o, AN-05 0-2 (one 8 o, soH jar and 
---,- ········ 

encores) 

60'lc 
No visual ev,dcnc~ of ,wm1/lg or 

05-5' Red fine ',ANO 
Io '' odor ab served 

o., 4-6' 

5-9' Red !,ne SANO 
I 0 &-8' 

'°' 
No visual evidence o/ -'!Ommg or 

odor ab<erwd 

' " 8-10' 

9-10' Red-ornng~ hne SAND 

O.S 10-12 

I 
No vi,ual cv1de"ce of,toming or 

10-1~- Red-orange fir.e ~ANO I 0 12-14 6(1% 
odor observed 

AN-05 13-1~ (one S oz. sotl ;a, and 

II 14-15' entores) 

Bard,o/e fe,m,"ated M 15 feet below grad~ 
I - I 

- ! -
-

I 
I -

-
-

-
-
-

-
-
-
-
-
-

-
- ! 
-

i 

-
I -

- ' 
-
-
-

PROJfCT HOl[ NO,: 

CRISTAL USA FACILITY AN·OS 



SOil SORING LOG 

l. COMPANY NAME 

URBAN GRHN i;NVlRONMtNTAl, UC 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAMt Of DRlllER 
Don March~,e 

9. SIZES AND TYPES Of DRllUNG AND SAM PUNG l:QUIPMENT 

2 h x 5 ft. macroco<P. 

TVPE Of LINER LJSfD. If' APPUCABlE 
HDPE 

11 DI Rf CT READING PARAMETERS; 

PID /TOTAL voes/ 11.7 EV/ MINI RAE 3000 
14 OVERBURDt:N THICKNESS 

>1S' 
16. DEPTH DRILlfD INTO ROCK 

" 18. TOT Al DEPTH Of HOLE 

ff 
20. WHllNSTALLfDl IFSOCOMPLHECONSTRurrlON DIAGRAM 

so 
21. SAMPLE INTI RV Al AND DESIGNATION FOR LAB ANALYSIS 

Soil samples calletted at O 10 2 feet below g,ade IAN-06 0 2i and 1110 13 
feet below ~rode {AN-06 11-131 

22. DISPOSITION 
!of HOLE 

uses \DEPTH 

LOG (FT) 

(a) lb) 

0-0S 

I 
S-9' 

10-11' 

B-1~' 

PROJECT 

-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

-
-
-

-
-
-

IF NOT A WELL, BACKFlllfD WITH 

Cumngs 

DESCRlPTION OF MAHRIALS 

lei 
Brown coarse SAND with hUle ~ravel 

Dark brown med,um-flne SAND 

l<ght red fone SAND 

Light ,ed fine SAND 

Red coarse SAND w>th little gravel 

Red ,oa,se SAND w,rh l,ttle gravel 

Brown coarse SANO, t>1o!s1 

Red medium-fine SAND, wet 

Borehole /ermmoted at 15/eel b~/ow grade 

CRISTAL USA FACILITY 

I 

2. DR!ll SUBCONTRACTOR 
GSI Mid-Atlantic, Inc. 

HOLE NUMBER 

8. MANUFACTURER'S ornGNATION Of DR!ll 

GEOPROB£ 7822DT 
10. SURFACE UEVAriON AND CONDITIONS 

SHEfl SHEETS 

1 of 1 

G,Avei - Roadway Mr!h of the Ma;ntenance Bu,ldtng and aiong the northern property fence ,n the PWAN/SWAN A,ea 

12. DATt AND TIME STARTED 

4/6/15 10:30 
15. DEPTH GROUNDWATIR ENCOUNTERED 

B' 

13. DATI AND TIM£ COMPlETED 

4/6/lS rn·SO 

17. DEPTH TO WATER AND HAPS£0 TIM[ AffiR OR!lLING COMPlEHO 

"' 19. OTHER WAHR. LEVEL MEASUREMENTS I.SPECIFY) 

" SAMPlETYPt 

GRAS 

SAMPlE INTERVAL AND DESIGNATION FOR f!ElD SCREENING ANALYSIS 

-

. 

Every 2 feet (approximate) fo, voes with a PIO 

DIRECT RfADING [di 

,oc Depth of 
{ppm) Readmg 

' ' 0-2' 

'' 
u '' 

6-8' 

0.7 MO' 

o., 10-12' 

o, 12-14 

14-15 

HOU NO 

23. G:'OLOGiST 

ANALYTICAL 
SAMPLE DESIGN 

1,1 
Mi-06 0 2 (one 8 OL soil Jar and 

encores) 

AN-06 11-13 (one 8 o,. so,I 1ar aM 

encores) 

~atherme Clmstensen 

I D[PTH 

I 
I 
I 

I 
I 

IRJ 

"' 

RECOVERY 

% 

'" 
60% 

'" 

60% 

AN-06 

SCREENING ANALYSIS 

voe, 

REMARKS 

No v<>uol ev,dence of stmnmg or 

odor ob,erved 

No wsua/ evidence of starn<n<, 01 

od<>> observed 

No vi<ua/ ewdence of stammg or 
ado, ob,erved 



isOll BORING LOG 
1. COMPANY NAM£ 

URBAN GRHN lNVIRONMENTAl, LlC 

3 PROJECT 
CRISTAL USA FACILITY 

7. NAM£ OF DRILLER 
Don Mard,ese 

9. SIZES AND TYPES OF ORllLING ANO SAMPLING EQUIPMENT 
2 in. x 5 It. macrocor<, 

TYPE Of LINER USED, IF APPUCA8l[ 
HOpt 

11. DIRECT READING PARAMCTrns 

PIO /TOTAL voes/ 11.7 f_V / MiNIRAf 3000 

14. OVERBURDEN lHICKNESS 

>15' 

16. DEPTH DRILlfO INTO ROCK 

" 18 TOTAL DfPTl-l OF KOLE 

"' 20 ::Ll INSTAlLED' ( SO toMPlfH CONSTRUCTION DIAGRAM 

21. SAMPLE IN1£RVAl AND OtSIGNATION fOR LAB ANAlYSIS 

Soil samples collected ~t Oto 2 l<>e\ below grade (AN.Q7 0-ll and lOto 12 

feet below e,ade jAN-07 10-12) 

22. DISPOSITION If NOT A WELL. SACK FILLED WITH. 
OFHOLf CuWng• 

uses IDEPTK 

LOG (FT) 

DlSCRIPTION OF MATERIALS 

!•I (bl ,,, 
Q-D.5' B,ownClAY ... .. 
o.~-,· 
.... BrownsandytlAY ...................... . 

" BrownClAY 

4-5' Brown med,um,linE SAND 

5 .. 7 B,ownCl.AY 

' . 

7-9' G1ay-brownClAY.mo1St 

PROJECT 

... 
9-10' R~d-brown sandy CLAY, moist 

10-12' Gray-brown med,um-f>ne SAND. we! 

······· 
li·B' Brnwn medwm,/ine SAND, saturated 

13-14' 

14-15' 

........ 

-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

B,own '""dyCLAY, moist 

G,ay ClAY. mo1>l 

8or~holc ,e,mmared or JS fut below g,ade 

CRISTAL USA FACILITY 

2. DRILL SUBCONTRACTOR 
GSI Mid·Atlantic, Inc 

lr!OLE NUMBER 

8. MANUFACTURER'S D(SIGNATION N DRiU 

GEOPROBE 7822DT 

10. SLIRrACE ELEVATION AND C0NDl1'IONS 

AN-07 

SHEl;T Sl-lf:ETS 

1 of 1 

Grass - Near 10,800-gallon weak a,c,d aboveground stornge tank <n the southern portion of the PW AN/SWAN Area 

12. DATE ANO TIMf STARTfO 

4/6/IS 13.35 
15 DEPTH GROUNDWATER ENCOUNTERfD 

H. DATE AND TIME COMPcfTED 

4/6/15 13:55 

17. DEPTH TO WATER AND (lAPSlD TIME AFTER DRllllNG COMPlfHD 

"' 19. OTr!fR WATER LEVEL M[ASLIREM£NT5 {SPECIFY) 

SAMPLf TYPE 

GRAB 

ISAMPL[ ltHERVAL AND D[SIGNATION FOR Fl£t0 SCREENING ANALYSIS. 

I Every 2 feet lapprox,mate) for voe, w,11-i o PID 

23. GEOLOGIST 

ANALYTICAi 

DIRECT R£AD1NG {di SAMPlE DESIGN 

"' Depth of 
{ppm) Read,n~ le) 

o., " AN.07 0-2 ione So,. so,I Jar and . 
oncmes) 

0.0 2·4 

.... 

OS 4-6' 

" 6-8' 

u 8 JO' ---··---

" 1(1.12' AN-07 10-12 (one So,. soil i•• and 
encores) 

.. 
1.2 12-14 

..... 

.. 

" 14-lS' 

HOLE NO 

Kathe,me Chnstensen 

DEPTH RfCOVERY 

,m % 

If) {Bl 

7So/. 

75% 

7S% 

AN-07 

SCRffNING ANALYSIS 

voe, 

R[MARKS 

N" w>uo/ evidence of s!ammg a, 

odor observed 

No v,,,.,a/ ev1d~n,~ of stu,rnng or 
odo, obsecvFd 

No v1.<uol ev,denc~ of staml/\g or 
odor ob,erved 



SOil BORING LOG 
1. COMPANY NAME 

URBAN GRHN ENVIRONMENTAL. LLC 
3. PROJECT 

CRISTAL USA f,\CIUTY 

/. NAME OF DRlllER 

Don Marchese 

9. SIZtSAND TYPES OF DRILLING AND SAMPUNG EQUIPMtNT 
2 ,n. x 5 I!. macrocore 

TYPE OF llNEI\ USED. IF APPUCA8l[ 

HDPt 

11 011\ECT l\fAOING PARAMETER) 

PIO /TOT Al voes/ 11.7 EV/ MINIRAE 3000 

14. OVERBURDEN Tl-lKKN[SS 
>1S' 

16. DEPlH DRILLED INTO ROCK 

" 18. TOTAL OfPTH OF 1-!0U 
,S' 

20. WEll !NSTALLEO' IF 50 COMPLETE CONSTRUCTION DIAGRAM 

'° 21. SAMPLE INTERVAL AND DESIGNATION FOR LAB ANAt YSIS 

Soil samples coliected at Oto 2 feet below grade (AN-08 0-2) and 13 to 15 

feet below ~,ade [AN-0813-15) 

22. DISPOSITION IF NOT A WELL, BACKFILLED WITl-1 
Cut!tngs OFl-!Olf 

uses DEPTH DtSCR:PTION Of' MATERIALS 

LOG IFTJ 
{a) (bl ,,, 

5-10' Red,t,rnwn CLAY. moist from 7 to 10 lee! 

10-11' 
1
R_ed-bro_wn c_l_AY, mo,st 

11-12' Gray s,lty ClAY, mo,st 

12·14.5' Gray-brown CLAY. moist 

14.5,15' Red-brown medium-frne SAND. wet at base 

_ Boreho/etemnr>M~dat 15feetlw/owgrode 

-

-
--
-

-

-
-
-

--

-

-

-
-
-
--

-

-

-
-

CRISTAL USA FACILITY 

2. ORlll SUBCONTRACTOR 
GSI Mid-Atl.tnhc, Inc. 

HOU: NUMBrn 

8 MANUfACTUI\ER'l DESIGNATION OF DRILL 

GEOPRO!lf 7822DT 

10. lURfACE ELEVATION AND CONDITIONS 

SflHT SHEETS 
l of 1 

Grass - Alon€ the southern po,twn of the large abovegrouno sto,~ge tan I<, m the PWAN/SWAN Areo 

12. DATE AND TIME STARHD 

4/6/15 12c55 
15 DEPTl-1 GROUNDWATER ENCOUNTERED 

13. DATE ANOTiME COMPlDED 

4/6/15 13:15 

11. DEPTH TO WAHR AND ElAPSED TIME AFHR DRllllNG COMPLETED 

" 19. OTHER WATER LEVEL MEASUREMENTS (SPEClfY) 

" SAMPLE TYP£ 
GRAB I SAMPLE INTERVAL AND 0(S1GNATIO!I/ FOR HELD SCREWING A!I/ALYSIS-

Every 2feet (approx,mate) for VOCs wtth o PIO 

23. GEOLOGIST 

ANALYTICAL 

DIRECT READING id) SAMPI.E D£S1GN 

,o, Depth of 

(ppm) Reading lei 

M .,. AN-08 0-2 lone 8 o,. ,0111ar and 

encores) 

,.o " 
o., 4.5· 

0.0 6-8' 

" 8-10' 

u 10-12' 

u 12-14 

AN-08 13-15 {one 8 o, so,1 jar ,rnd 

LO 14 15' encore;) 

KOLE NO 

Katherme Chnstensen 

I 
D!'.PTH RtCOVfRY 

IHI % 

"' lel 

75% 

~0% 

I 
I 

AN-08 

SCREENING ANA! YSIS 

REMARKS 

No vi,1/ol evidence of ,roimng or 

odor ob<NY~d 

No vi.<uC1I evrdence of w:umng ur 
odm observed 

I No vrsuo/ evrdeoce o/ otmmng or 

odnr observed 



HOLE NUMBER 

Oil BORING lOG AN·09 

1. COMPANY NAM£ l ORILl SUBCONTRACTOR SKEET SKEETS 

URBAN GRE(N !'NVIRONMtNTAL, lLC GSI Mid.Atlantic, inc ' o< ' 3. PROJ[CT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 8. MANUFACTURER'S DESIGNATION or DRlll 

Don M~rchese GtOPROBf 78l2DT 

9. SIZfSAND TYPES Of DRllllNG AND SAM PUNG EQUIPMENT 10. SURF AC£ El£VATION ANO CONDITIONS 

2 on., S ft. mac,oco,e 

TYP[ Of UNfR USED, If APPUCABlf Gravel· Western berm along the la,ge aboveground storage tanks rnnta,nment m the PWAN/SWAN Area 

KOP£ 

11. DIR[CT READING PARAMETtRS: 12. DATE AND TIME STARTED 13. DAT£ AND TIMf COMPLETED 

PID / TOTAL voes/ 11.7 EV/ MlNIRAf 3000 4/6/15 10·05 4/6/1510 2S 

14 OVERSURDtN THICKNESS 15. DEPTH GROUNDWATfR ENCOUNTERED 

>1S' "' 16. DfPTK DRILLED INTO ROCK 17. DEPTH TO WA Tm AND flAPSED TIMf AfTfR DRllllNG COMnnrn 

" " 18. TOT Al DEPTH OF H0l£ 19. OTH£R WATER l(VH MEASURf.M[NTS (SPECIFY) 

,S' " 20. WHl INSTALLED" ( SO COMPLETE CONSTRUCTION DIAGRAM SAMPL€TYP£ 

,o GRAS 

21. SAMPLE INTtRVAl AND DESIGNATION fOR lA8 ANALYSIS !SAMPLE IIITERVAl AND DESIGNATION FOR FIELD SCR£ENING ANALYSIS- SCR[ENING ANALYSIS 

Sool samples coliected at Oto 2 feet below grade IAN·09 0-2) and 13 to 15 

feet below grnde (AN--09 H-1S) (very 2 feet {approx,matel for voe, w,th a P!D voe, 

22. DISPOSITION If NOT A WELL. BACKFILLED WITH. 13. Gf0l0G1ST 

OF f!OlE CuUings Katherine (hnstenseP> 

ANALYTICAL DEPTH RECOVERY 

uses DEPTK DESCRIPTION OF MATERIALS DIREC1 READING (di SAMPLE DESIGN IITI % R[MARK1 

LOG IITI ,o, Depth of 

l•l '" 
,,, (ppm) Readmb "' '" lgi 

H' Li~ht brown f,ne ~A_N? u 0-2' AN-0'1 0-2 lone 8 o,. soil jar and 
-- - -- -----

encores) 

1-4' Red coarse SAND and g,avel u H' 7S% 
No vi.<ual ~v1dence of ;raining or 

odo1 ob,erv~d 

4S 
--

Tan silty ClAY '' 4-6' I 

u 6-S' 
I 

5·10 Tan,;ltyClAY 90% 
No visual ev,den<:e of SWln"19 or 

odo1 observed 
,.s 8,10' 

2.0 10-lJ' 
10-1}' Tans,l(yC[AY 

----- I 10()')(, 
No vtsua/ ev,dence of stmn1n9 01 

15 12-14 I odor obsnved 
12-15' Tan Im~ SAND, mo,;t AN-09 13-15 (one 8 o,, soil Jae and ! 

,.s 14-15' encores) I 
Borehole terminated at 15fee, below grade -

-
-
-

- ' ! -
-

- I 
-
-

' -
-

I -
- I -
-

-
-
-
- I -
-
-
-
-

PROJf.CT HOU NO 

CRISTAL USA FACILITY AN-09 



HOLE NUMB£R 
Oil 80R!NG lOG AN-10 

1. COMPANY NAME 2. DRlll 5UBC0NTRACWR SHEET SHUTS 
URBAN GRHN ENVIRONMf:NTAl. llC GSI M;d,Atlantic, Inc. 1 of 1 

3. PROJECT 
CRISTAL USA fAClllTY 

NAME Of D!\lllER B. MANUFACTURER'S DESIGNATION Of ORIU 
Don Marchese GEOPROBE 7822DT 

9. SIZfSAND TYPES OF DRIUING AND 5AMPUNG EQUIPMENT 10_ SURfAC!; ELEVATION ANO CONDITIONS 
2 m. x 5 h. macrocore 

TYPE Of llNtR USED. If APPUCA!llf Grass· Near prior large abtlveground storage tan~ m the no,thea_;tern portjon of the PWAN/SWAN Area 
HOPE 

11. D!RffT READING PARAMETERS, 1l. DATf.ANDTIMESTARTED 13. DATE ANO f!Mf (OM?LEHD 
P!D / TOT Al voes/ 11.7 EV/ MINIRA!' 3000 4/6/151130 4/6/15 11.so 

14. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED 
~15' U' 

16. Ol:PHI DRILLED INTO ROCK 17. DEPTH TO WATER AND ELAPSED TIME AFfER ORILLING COMPlH!'D 

" " 18. TOTAL DEPTfl OF HOlf 19 OTflfR WATER tfV£l MEASUREMENTS ISPl'C!FYJ 

" " 20. WflllNSTALLED' ff ,0 COMPLETE CONSTRUCTION DIAGRAM SAMPlE TYPE 
so GRAB 

21. SAMPLE INTERVAL AND OESIGNATtON FOR LAB AN At Y515 l~AMPlf INTERVAL AND DESIGNATION fOR FIHD SCRHNING ANALYSIS SCREENING ANALYSIS 

Soil samples collec!ed ~!Oto 2 feet below grade IAN-10 0-2) arid 9 to 11 

feet below •rade {AN-10 9-11) Every 2 feet (approxm>Jtel for voes w,th a PID voe, 
22. DISPOSITION lf NOl A WELL, BACKFILLED WITH B. GEOLOC,IST 
Of HOLE Cuttings Katherme Chrntemen 

ANALYTICAL DfP"fl, RECOVERY 
uses DEPTH OfSCRIPTION Of' MATERIALS DIRECT RtADlNG id) SAMPLE DESIGN. [IT} % REMARKS 

100 [IT} voe Depth of 

"' fol ,,, !ppm) Read,n, ,,, ,,, ,,, 
0·0.5' Brown coarse SAND and ~ravel o., G-2' AN-10 O ;_ lone 8 01 soil jar and 

' . -t------
05-2' Red ClAY encores) 

' .. 
No V1'ua/ evidence of staining or 

u " I 
60~ 

odor observed 
2.S Red-brown medium fine SANO 

u 4,6' ! 

I 
'° 

,., i 
i 

5-10' Red-brown medium·line SAND. mu"t at base ' No """o! evidence of siawmq or 

' 60'); 
odor obser,ed I c., 8-10· ! 

-
10-11 Red-brown med1LJm-f1ne SAND 0.0 10-ll' AN-10 9-11 {one 8 o, ,ml 1ar and 

encores!, OUP·ll 
11-13' Dark brown coarse SAND, saturated No v,suo/ ev1de,.ce of <rmnmq 01 

\.0 1)·14 75% 
odor observed 

1'J.1S' B,own med,um-f,~e SAND, wet 

" 14-ts· 
Borehole termlllM('d or J~/eet below gr ode -

-
I - i 

- ' I ' I 
I - I i 
I - i 

I - i 

-
---j 
-

-
-
-
- I 
- I 
- I 
- T 

' -
-

-
-
-

-

I 
-

I -
PROJECl HOU NO.: 

CRISTAL USA FACILITY AN·lO 



Oil BORING LOG 
1. COMPANY NAME 

URBAN GRHN ENVIRONM[NTAL, lLC 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAM[ OF DRILLER 

Don Marchese 

9. SIZES AND TYPES OF DRILLING AND SAMPLING EQU!PM[NT 

2 ,n., 5 ft macrocore 

TYPE Of l/NER USED, If APPLICABLE 

HOP£ 
11. DIRECT READING PARAMfTERS; 

PIO /TOTAL voes/ 11.7 EV/ MINIRAE 3000 

14. OVERBURDfN THIC~NtSS 

>15' 

16. OtPTH DRILLED INTO ROCK 

" ll!. TOTAL DEPTH OF HOLE ,,. 
20 WELL INSTALLto> IF 50 COMPLf;TE CONSTRUC110N DIAGRAM 

'° 

2. DRlll SUBCONTRACTOR 

GSI Mid-Atlanttc. Inc 

HOlE NUMBER 

S. MANUFACTURER'S DESIGNATION OF DRILL 

GEOPROBE 7822DT 

10. SURFACE ELEVATION AND CONDITIONS 

AN·ll 

SHEET SH!TTS 

1 of 1 

Grass· Southeast of !he large abovegmund storage tanks and along !he sou1hem boundary of the PWAN/SWAN Area 

12. DATE AND TIME STARTED 

4/6/1512.35 

15. DF.PTH GROUNDWATER ENCOUNTERED 

w 

13. DATE AND TIME COMPlfTED 

4/6/1512:50 

H. DEPHI TO WATER ANO ELAPSED TIME AFTER DRILLING COMPlfHO 

19. OTiiER WATER lEVfL MEASUREMENTS {SPECIFY) 

SAMPlETYPE 

GRAB 

21. SAMPLE INTERVAl AND DESIGNAT!ON FOR LAS ANALYSIS 

Soil sample, collected at Oto 2 feet below grade IAN-11 0-2) and 8 to 10 

feet below a,ade {AN-11 8-101 I
SAMPlf INTERVAL AND DESIGNATION FOR Fl£LD SCREENING AN Al YSIS 

Every 2 feet {appro~1mate) for voes with a PIO 

5CREfNING ANALYSIS 

22. DISPOS!TION If NOT A WELL, BActm,rn wm, 
Of HOLE 

uses DEPTH 

'°' 1n1 
l•I fol 

0-1' 

Vi.5' 

1.5-5' 

5-10 

. .. 
13-15' 

-
-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

PROJf.CT 

CutUng; 

DESCRIPTION Of MATfRIAl5 

Brown silty CLAY 

i:°~.n __ "!ty CLAY, w,el 

B,own-,ed CLAY 

Brnwn-f<>d ClAY, mo,st 

le) 

!lrown-redClAY, wet lOto ll feet moist ll to J3 feet 

Brown (l.AY, mois\ 

Borehole term,nored ar 15 feet below 9rod~ 

CRISTAL USA FACILITY 

.. 

DIRfCT READING (d) 

voe Depth of 

(ppm) Read,ng 

'' 0-2' 

" H 

u 

" 6-8' 

,., 8-10 

,0 10-12' 

,., 12 14" 

,., 14-15' 

KOU NO· 

23. GWlOGIST 

ANALYTICAL 

SAMPU DESIGN 

l•I 
AN·l1 0·2 lone 8 oi. soil jar and 

encores) 

AN,11 8· 10 (one 8 oi <ml Jar and 
encores! 

Ka!he11ne Chnstensen 

DEPTH RECOVERY 

(fT) % 

'" '" 
100% 

SO% 

75'); 

I 
I 

AN·ll 

REMARKS 

No visuo/ evidence of ,win mg or 

odor ob5erved 

No v,sua/ evidence of simnrn9 o, 
odot observed 

No v1,ua/ evidence of sram,ng or 
odor observed 



HOlE NUMBtR 
SOIL BORING lOG AN-12 
1. COMPANY NAME 2. DRILL SUBCONTRACTOR SHEET SHEETS 

URBAN GRHN ENVIRONMtll/TAL, llC GSI Mid·Atlant,c, Inc. 1 of 1 
3. PROJECT 

CRISTAL LJSA FACILITY 

7. NAME OF DRILLER B. MANUFACTURER'S DESIGNATION Of DRlll 
Don Marchese GEOPROBE782WT 

9. SIZES ANO TYPES OF DRILLING AND SAMPLING fQUIPMENT 10. SURFACE HEVATION ANO CONDITIONS 
2 m., S ft macrocore 

TYPE OI' LINER usrn. IF APPUCABlE Gravel· road along me shorelrne and e~>te,n boundary of the PWAN/SWAN Arna 

HOP!: 

11 DIRECT READING PARAMETERS U DATE AND TIME STARHD 13. DATE ANO TIME COMPLETED 
PIO/ TOTAL voes/ 11.7 EV/ MINIR.AE 3000 4/6/15 11.55 4/6/15 12:15 

14. OVERBURDEN THICKNf:SS 15. DEPTH GROUNDWATER ENCOUNTERED 
>15' 

" 16. DEPTH DR1ll£0 INTO ROCK 17. DEPTH TO WATER AND ElAPSEOTIME AfTER DRILLING COMPLETHl 

" " 18 TOTAL DEPTH OF HOU 19. OTHER WATER lEVH MEASURtMENTS]SPECIFYi 
,S' " 20. WELL IN5TAUED' If 50 COMPLETE CON>TRUCTION DIAGRAM SAMPlETYPE 

'° '"" 21. SAMPlE iNTERVAl AND DESIGNATION FOR LAB AN Al YSIS lsAMPLE INTERVAL AND DESIGNATION FDR mw scRHNING ANALvsis_ SCREENING ANALYSIS 

Soil samples collected at Oto 2 feet below grade (AN-12 0-2) and 13 to 15 

feet below ~,ade {AN-12 13-151 Eve,v 2 feet IJpproximate] for voes w,th a PID voe, 

ll DISPOSITION IF NOT A WELL, BACKF!llfD WITH; 23. GWlOGIST 
Of HOLE Cumngs ~a\hefine C~ristensen 

ANALYTICAL ! DEP"111 RECOVERY 
USC5 DEPTH DESCRIPTION OF MATERIALS DIRECT READING (d) SAMPLE DESIGN rm % REMARKS 

WC (IT( ,oc Depth of 

l•I (SI ,,, !ppm) Read,.,~ l•I '" 
,,, 

" o, AN-12 D-2 {one 8 oz soil I"' and 

encores) 

OS Brown CLAY 

'" " 90'li. 
No visual evidence of stomrng 01 

odor obo<'rv<'d 

" 4-6· 

" '' 5-10' G,ay•brownCLAY ~0%. 
Na w5'Jal evrden,·e o/ sw,n"'g o, 

odo1 o/,,erved 
rn 8-10 

1.8 10--12· 

\0·14.S' Gray-brown CLAY 
60% 

Na vm1al evidence of ,rn1mng or 

"' 1,,H" 
odor observed 

AN-12 B-15 lon<e 8 o, soil Jaf and 

14 5-15' Brown coarse SAND o., 14-15' encores I 

- Borehole rermmoted at 15 feet belowqrode 

I -
-
-

-
--
-

' -
- I 
-

- I 
- I -
-
-
-
-
-
-
-
-
- I 
-
-
-

PROJECT HOH NO 

CRISTAL USA FACILITY AN·12 



lsO!l BORING LOG 
1. COMPANY NAME 

URBAN GREEN ENVIRONMENTAL, llC 

3. PROJECT 

CRISTAL USA FACILITY 

7 NAM£ OF DRILL£R 

Don Marchese 

9. 51ZESAN0 TYPES OF DRILLING AND SAMPLING fQUIPM[NT 

2 ,n. x S ft. macrotore 

TYPE Of UN(R USED, If APPUCABlf 

HOP£ 

11. DIRECT READING PARAMCTl;RS 

PIO/ TOT Al VOCS/ 11.7 fV / MINI RAE 3000 
14. OVERBURDEN TKICKN€5S 

>10' 

16. DEPTH DRILLED INTO ROCK 

" 18. TOTAL DEPTH Of HOlf 

[20. WHLINSTAitED' llf ~0 COMPlt'T[ CONSTRUCTION DIAGRAM 

vts. HMPORARY 

2. DRILL SUBCON'TRACTOR 

GSI Mid·Atlar,t1c, Inc. 

IHOLE NUMBER 

8. MANUfACTURfR'S DESIGNATION OF DRILL 

GWPROBE 7822D1 

10. SURFACf flEVAnON ANO CONDl'TIONS 

AN·13 
SHEfT 

Grass Pm, in \he ~ortheastern portion of the PW AN/SWAN Area 

12. DATE AND 'Tl Mt STARTED 

4/6/15 11;05 
15. DEPTH GROUNDWAHR ENCOUNTERED 

1

,13. DATI AND TIME COMPLITTD 

4/6/1511 20 

17. DEPTH TO WATER AND HAPSEO TIME AFTER DRILLING COMPl(HD 

" 19 OTHfR WATER lEVH MEASUREMENTS (SPECIFY) 

" SAMPl[TYPf 

GRAB 

SHHTS 

1 ol 1 

21: SAMPLE INT_ERVALAND DESIGNATION FOR LAB ANALYSIS !SAMPLE INTERVAL ANO O!'SIGNATION FOR FIHO SCRffNING ANALYSIS 

So,I samples col1ected al Oto 2 feet below grade (AN-lJ: 0-:>] and 4 10 6 leet 1 

SCREfNING ANALYSIS 

below grade IAN·B 4-61 ' fvery 2 feet (approx,m.ite) for VOCs with a PIO 

2]_ DISPOSITION 

Of HOLE 

uses lo[P'TH 
LOG {FT) 

l•) (bl 

0--0S •... ... 
OS2 

28 

If' NOT A WHL, BA(KFlll[D WITK 

Cwtt,ngs 

DESCRIPTION or MATfRIAl.S 

{c) 

Btown coarse SAND 

Red med,um-fme SAND 

Brown fine SAND 

Brnwn f,ne >AND, saturated from 6 to 9 feet 

Red fine SAND, saturated 

Borei1ole terminoted or 10 feet beiow g,ade; p/ored temporary 

..... 
.. 

.............• 

- 9roundwo!e1 moMormq well with S feet of <cteeH ond S feel of cow,g rn 

- ground rnrfr,ce 

-
-

-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

PROJfCT 

CRISTAL USA FACILITY 

DIRECT READING id) 

,o, Depth of 
(ppm) Readine 

o., o, 

0.S >4 

l.O 

u 

S-10 

HOLf NO 

23. GEOLOGIST 
Kathenne Christensen 

ANALYTICAL 

SAMPL[ DESIGN 

!•! 

Ar.i-13 0-2 (om.• 8 O!. so,I jar, two 4 

w. soil Jars and encores) 

i 
AN-134-6(one8o,.so,1Ja,.two~ I 

oz ,ml J•<> and encores) ! 

(ollecwd AN-01 to AN-l3 COMP 

from sc,r!ace SOIi of AN-01 w AN-13 

so,1 borings {one 4 o,. so<I ja,] 

D£PTH RtCOVERY 

IFTJ % 

(f) IE) 

7S% 

AN·13 

voe., 

REMARKS 

No w«io/ ev,dence of ,wm,ng or 

odor ob<~rved 

No vi<<1a/ ev,dence of stain mg or 

odor ob<erved 



OIL !IOIIING lOG 

1. COMPANY NAME 

URBAN GRf.EN ENVIRONMtNTAl. lLC 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DR1ll£R 

Don Marchese 

9. SIZfSAND TYPES 01' DRILLING AND SAM PUNG l:QUIPMtNT 

2 m. x 5 It m~crocore 

;T'(Pt OF LINER US!'D, If APPLICABLE 

HDPt 

11 DIRECT READING PARAMETERS 

PID / TOTAL VOCS / 11.7 EV/ MINIRA!' 3000 

14. OVERBURDEN THICKNESS 

>15' 

16 DEPTH DRlllED INTO ROC~ 

"' 18. TOTAL DEPTH OF HOlE 

ff 
20. Wfll INSTALLED' IF 50 COMPLfT!' CONSTRUCTION DIAGRAM 

so 

2. ORIU SUBWNTAACTOR 

GSI M,d-llllant;c, Inc 

HOLE NUMBER 

B. MANUFACTURER'S DESIGNATION OF DRlll 
GEOPROBE 7822DT 

10. SURF AC£ HEVA110N AND CONDITIONS 

OWS.01 

SHHT SHEETS 

1 of l 

Grnvel · Northern end of the 011/w~ter ,eperator located wes! of the pnof Air Compressor Buildjr,g 

12 DAT£ AND TIM[ STARffD 

3/31/1511:40 
15. DEPTl-l GROUNDWATER ENCOUN1£RlD 

"' 

B. DATE AND Ti Mt COMPLHEO 

3/31/1512,05 

17. DEPTH TO WATER ANO HAPSEOTIME AFTER OR!LLING COMPU:TW 

" 19. OTHER WATER LfVE! MEASUREMENTS (SPECIFY) 

SAMPlETYPf 

GRAB 

2L SAMPLE INT!'RVAl AND DESIGNATION fOR lAB ANALYs1s lsAMPLt l'ITERVAL ANO ors1GNAT10N FOR mLD scREEN1.NG ANALYSIS. 

so,I samples collected a! Oto 2 feet below grade ]OWS-01 0-2) and 13 to 15 

eet below ~rade {OWS-01 B·1S' Every 2 feet !approximate) for VO(s w,th a PIO 

SCRHN!NG ANALYSIS 

voe, 
22 DISPOSl1l0N 

OF HOLE 

uses DEPTH 

LOG {f"T) 

la) (b) 

0-0.5' 

0.5-5' 

S-10' 

10-12' 

12-15 

PROJECT 

-
-
-

-
-
-
-
-
-
--
-

-
-
-

-
-
-

-
-
-

IF NOT A WELL, BACKFlllED WITH 
Cuttmg, 

OtSCRIPTION Of MATERIALS 

,,, 
Brown coarse SAND and gravel 

Red and brown ClAY 

Red and brown CLAY 

Red and brown CLAY 

Red dnd whote monled ClAY 

Red and wh,ie mottl~d CIAY, mo,s1 a1 b,1w 

Borehok termmated ot 15 feet below grade 

CRISTAL USA FACILITY 

D!RECT READING (d) 

'°' Depth of 
lppm) Reading 

u ,,,. 

'' '' 
n '" 
" 6-8' 

u 8-lCl 

'' 10-12 

12 14" 

" 14 15" 

HOltNO.· 

23. GEOLOGIST 

Katherine (~nstensen 

ANALYTICAL 

SAMPLE DESIGN. 

OWS-01 0·2. l~ne 8 Ol. srni jar, !wo 4

1 

o,. sod Jars and encores) 

OW\·01 U·15 lone 8 o, soil ia,, 

two 4 o, srnl 1ars and encores) 

i 
i 

! 
i 

I 
i 

I 
I 

i 

i 

I 

DEPTH RECOVERY 

(FT) % 

'" '" 
75';( 

100% 

100% 

100% 

OWS-01 

RtMARKS 

N<> vrn,al evidence af swmrng or 

odor observed 

No v.sua/ evrdem:e of swimng or 

odor observed 

No vis oaf evidence of stmmng or 
ado, observed 

No v,suol evidence of ,ta,mng or 
<>dm ob,erved 



SOil BORING LOG 
]80tf NUMBER 

OWS--02 
1. COMPANY NAM£ 2. DRilL SUBCONTRACTOR 5HHT SHEfTS 

URBAN GRHN ENVIRONMENTAL, llC GSI Mid·Atlant,c, Inc. l of l 

3. PROJ£CT 

CRIST Al USA fACILl1Y 

7. NAME OF DRILLER 8. MANUFACTURER'S DESIGNATION OF DRILL 

Don Marchese GEOPROB( 7822Dl 

S. SIZES ANO TYPES Of DRILLING AND SAMPL!NG fQUIPMfNT 10. SURFACE ELEVATION AND CONDITIONS 

2 ,n., 5 11. macrnwre 
Gravel Northeast of the odfwator sepe,ato, located west of the pnor A,r Compressor foil din~ and near the water 

TYPE Of UNER usrn, If APPLICABLE 

HOPE 
d,scharge p,pe 

11. DIRECT READING PARAMCT[RS· 12. DATE AND TIME 5TARHD 13. DATf AND TIMf COMPl£T£D 

PID / TOTAL voes f 11.7 EV/ MiNIRAf 3000 3f31f1S 12:10 3/31f15 12:30 

14. OVtRSUROEN THiCKNf;S 15. DEPTH GROUNDWATER ENCOUNT£R[D 

~1s· B 
16. DEPTH DRILLED INTO ROCK 17. Df:PTH TO WATER AND HAPSEOTIME AFTER DRILLING COMPLHHl 

" " 18. TOTAL DEPTH Of HOLE 19. OTHfR WATER LEVEl MEASUREMENT51SPECIFYI 

"' " 20. WElLINSTALLEO' IIF so COMPlfTE CONSTRUCTION DIAGRAM SAMPLE TYPE· 
,o GRAB 

21: SAMPLE INTfRVAl AND DfSIGNATION fOR LAB ANALYSIS ISAMP(E IFIT£RVAL AND DESIGNATION fOR fl HD SCRHNING ANALYSIS >CRHNING AN Al VSIS 

Soil samples collected at D to 2 feet b~low grade (OWS-02 0-21 and 11 to 13 
feet below ~,ade (OWS·02 11·13) Ewiy 2 feet lapprox1mote) for VOCs with a PID voes 

22. DISPOSITION Ir NOT A Wfll, SACKFILlED WITH: 23. G£OLOG1ST 
OFHOlf Cuttings Katherine Chrn!ensen 

uses ]DEPTH 

ANALYTICAL DEPTK RECOVERY 

DESCRIPTION OF MATERIALS DIRECT READING {d) '>AMPLE DESIGN rm % RfMARKS 

LOG (FT) ooc Depth of 

l•I lb) fc) (ppm) Readme ,,, 10 r,r 
0, '' OWS-02 0-2 (one 8 o, sotl Jar, two 4: 

04 hnandredClAY o,. soil Jars and enco,es) ! No visual ev,deme of m,mmg or 

" '' 
I 

75% 
odor ob,erved 

------- - -
48 light brown fme SAND u 4-6' 

5-6' llg_ht hr~v,t~- ~n-~ 5!'_1'/_~-- ! 
01 6-8' ! 

I 
100% 

No visual ev,deMe of stommg o, 

6-10' Redandwh,te(LAY odo1 observed 
06 8-10' 

10-105 Re<! and wh,te CLAY " 10-12' ! --- - --

12-14 
OWS-02 11-13 (one 8oz. so,l1a,, ! 

100% 
No visual evidence of >Wmmq or 

JOS-1~· Gray l,n~ SMID, WP! 13 to 1$ /pe! 
01 two 4 o, soil Jars and encores} od01 ob,e,v~d 

'' 14-15 

Borehole termmmed ar 15 feet below g,ode -
- I 
- ! 

- I 
- ! 

- I 

-

-
-
-
-
- i 
-

-
-
- ! 
-

I -
- I 

-
--
-

I 
-
-

PROJfCT HOl[ NO. 

CRISTAL USA FACILITY OWS-02 



SOIL BORING LOG 

1 COMPANY NAME 

URBAN GRHN ENVIRONMENT Al, llC 

3. PROJECf 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 
Don Marches~ 

9. SIZES AND TYPES Of' DRltuNG AND SAMPLING EQUIPMENT 

2 in., 5 ft macroco,., 

2. DRlll SUBCONTRACTOR 

GSI M,d-Allantk, Inc 

HOLE NUMBER 

8. MANUFACTURER'S DESIGNATION OF DRlll 

GEOPROBE 7822DT 

10. SURFACE HEVATION AND CONDITIONS 

OWS--03 
SHUT SHEETS 

1 of 1 

TV?f OF UNER USED. IF APPllCABlE 

HOP£ 
Grav.,!· Southwestern corne, of the oil/water seperator located west of !he prior Alf Compressor Building 

11. D!REU READING PARAMETERS 

PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 

14. OVERBURDEN THICKNESS 

>15' 

12 DATE ANO TIME STARTfD 

3/31/15 10:05 

15 OEPHI GROUNDWATtk EN(OLiNTtRtD 

" 

13. DATE AND TIME COMPlETED 

3/31/15 10:30 

16. DEPTH DRIUEO INlO ROCK 

" 
17. DEPTH TO WATER AND HAPSEDTIME AHER DRILLING (OMPU' rw 

18 TOTAL DEPTH OF HOU: 

,S' 

20 WEtl iNSfAlU'D? IF 50 COMPLETE CONSTRUCTION DIAGRAM 
,o 

19. OTHER WATER lEVEl MEASURfM<NTS {SPECIFY) 

" 5AMPlETYPE 

GRAB 

n· SAMPLE INTERVAL AND DfSIGNATION FOR lAB ANALYSIS. ISAMPlf: INTERVAL ANO DESIG.NATION fOR FIHD SC.REEN•NG ANALYSIS. 

So,I samples collected at O lo 2 feet below grade IOWS.!)3 Q .. 21 and l3 to 15 
feet below "racie jOWS-03 13-lS' Every 2 feet {approx;mate) for voe, with a Pm 
22. DISPOSITION IF NOT A WELL. BACKFlllED WITH, 23. GEOLOGIST 

Of HOLE Cumngs 

uses DEPTf! DESCRIPTION OF MATERIALS 

lOG (FT) 

1a) lb) l<I 
Brown coarse SAND and gravel 

0.58 Red !fansotiontng to red and brown CLAY; l,ttle gravel at 1.5 f~e! 

5-7 Red .ind white (lAY 

.... 

7·8' Dark red ClAY 

DIRECT READING {di 

,o, Depth of 

(ppm) Readmg 

" 0-2" 

'' 2-4' 

10 , .. 
1.1 6-3' 

ANALYTICAL 

SAMPLE DESIGN 

l•I 

OW5·03 0·21one 8 o,. sool Jar, two 4 
o,. so,l 1ars and encores) 

1-----1--------------------~·--~1---l---
8·9' 

' 
9-12' 

12-15 

Dark red CLAY 

Tan~r,dredClAY 

LO 8-10' 

" 10-ll' 

o., 12-14' 

OW~-031> 15{one8o, sml1a, 

I 
I 
I 
I 
' I 
I IT,111 ,1nd red CLAY 

' IO 14-1~ two 4 o,. soil J~fS and encores), DUPj 

" 
_ Borehole t<',m<nated {)( 15/eer below grnde 

-

-

-
-

-

-
- I 
-

-
---
-
-

I 
PROJEtr 1-!0lf NO 

CRISTAL USA FACILITY 

DEPTl-l RECOVERY 

(FT) % 

'" "' 
75% 

J(}[}); 

100% 

OWS-03 

SG:RfENING ANALYSIS 

voe, 

R!:MARKS 

ShgM solvent odor from 3 to 5 

feet; no stmnwq observed 

No vt.<uo/ ev,denc<' nfstamrng or 

odor observed 

No visuo/ evidence n/ staimng or 

odor observed 

No vmiul PV,d<'r.ce of ,tommg 01 

odor ob,erwd 



SOIL BORING LOG 

L COMPANY NAME 
URBAN GRHN ENVIRONMENTAL, LLC 

3. PROJECT 
CRISTAL USA fACILITY 

7. NAME Of DRlllER 

Don Marchese 
9. StzfS AND 1YP!'S OF DRllUNG AND SAMPLING !'QUIPMfNT 

2 ,n. • 5 It. ma,rocore 

l'fYPE OF llNfR USED. If APPUCABlE 
HOPE 

11. DIRECT READING PARAMETERS: 

PID /TOTAL VOCS/ 11.7 EV/ MINIRAE 3000 

14. OVERBURDEN THKKNfSS 
,,S' 

16. DEPTH DRILLED INTO ROCK 

" 18. TOT Al DfPTK OF HOLE 
,S' 

20. ::ll lNSTAllfD? ( SO COMPLETE CONSTRUCTION DIAGRAM 

2. DRIU SUBCONTRACTOR 
GSI Mid-Atlantic, Inc. 

IHOlE NUMBER 

8. MANUFACTURER'S DESIGNATION Of DR Ill 

GEOPROBE 7822DT 
10. SURrAC£ ElfVAllON AND CONDITIONS 

OWS-04 
SHEH SHHTS 

1 of 1 

Gravel - Southeastern comer oil he oil/water sepe,ator ioc~led west o! the prior A'f Compressor 6uildmg 

12. DATI; AND TIME STARTED 

3/31/1~ 10;35 
15. DEPTH GROUNDWATER ENCOUNTERED 

" 

13 DATEANDTIMECOMPlETED 

3/31/15 10:SS 

17. DEPTK TO WAHR ANO HAPS ED TIME AFTER DRllllNG COMnnrn 

19. OTKER WAT!'R tfVEl MEASUREMENTS /SPECIFY! 

" SAMPlETYPC 

'"'' 21: SAMPLE INHRVAL AND DESIGNATION FOR lAB ANALYSIS 1SAMPl£ INTERVAL AND DESIGNATION FOR fl£LD S(.-RffNING ANALYSIS, 

Sod samples collected at Oto 2 feel below grade (OWS·C4 0·11 and 13 to 15 
feet below grade/OWS-04 13-lS) Every 2 feet {approximate) for VO Cs w,th a PIO 

SCRHN!NG ANALYSIS 

,oc, 
22. DISPOSITION IF NOT A WUL BACrnllED WITK 23. GWlOGIST 
01' HOLE Comngs 

uses DEPTH DESCRIPTION OF MATERIALS 

LOG (FT) 
la) lb) 1,1 

0.0.5' Brown coarse SAND and gr~vel 

0.58 Red transition,ng to white and red ClAY, i,t!le €ravel at 1.5 feet 

S-7' Red and btown ClAY 

I .,,,( 

7-9' Dark red CLAY 

Dark red (lAY 

... 

10-11' Giayand,ed(lAY 

1!·12 G,ay<andyClAY 

GraysandyClAY 
.,. 

B·lS' Gray fine SAND. moist 

_ Borehole terminated or 15 /eei below grade 

--
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

PROJffT· 

CRISTAL USA FACILITY 

DIRECT READING (d) 

soc Depth ol 
fppm) Readtng 

,s 0-2' 

n 2-4· 

,.s 4-6' 

" 6·8' 

u 8-10' 

" 10-12 

u, 12-]4' 

14 15' 

HOl[ NO. 

ANALYTICAL 

SAMPLE DESIGN. 

1,1 

Katherine Clrnstensen 

1"1 % 

I 
DEPTH R[COVfRY 

! (fl lg) 

OWS-D4 0-2 (one Bo,. soil Jar, two4 I 
..... , "'""" .,,,, .. , I 

OWS--0-113-15 lone 6 o,. so,1 Jar, 

two 4 o, soil Jars ~nd encores] 

75% 

100% 

OWS-04 

REMARKS 

No "i:,uol ~v,dence of ,w,nmg or 
odm observed 

No visuo/ ev,dence o/.<Wmmg or 

ado, ab;erved 

No v!Sua/ evidence of 5!ammg or 
odo, obwrved 

No v,,uol ev,dence of <lmn,ng 01 

odor observed 



<;OIL BOR!NG LOG 

1. COMPANY NAME 
URBAN GRHN ENVIRONMENTAL, LLC 

3. PROJ!:CT 

CRISTAl USA FACILITY 

7. NAME OF Df\lll£R 

Don M~rchese 

9. S12ES AND TYPES 0~ DRILLING AND SAM PUNG EQUIPMENT 

2 in., 5 ft. m~crncore 

TVPE Of llNER usrn. IF APPUCABLE 

HD?£ 

11. DIR!:CT READING PARAMETERS 

PIO/ TOTAL voes/ 11. 7 !'.V / M!NIRAl 3000 

H. OVERBURDEN THICKNESS 
>15' 

16 DEPTH DRlltED INTO ROCK 

" HI. TOTAL DEPTH OF HOLl 
,S' 

20 ;;Lt INSTALtrn' l1F so coMPLEn coNsTRvn10N o:AGRAM 

2 DRllt SUBCONTRACTOR 

GSI M•d·Atlamic, Inc 

Hott Nl,MBER 

B. MANUFACTURER'S DESIGNATION O!' DRILL 
GEOPROBE 78220T 

10. SURFACE ELEVATION AND C0ND1l10NS 

SS-01 

SHEH 

Asphalt Southwestern por!iOn o! the _',pent Solvent Stoage Area 

12. DAH AND TIME STARTED 

4/2/lS 10:50 
15. Df:PTH GROUNDWATER ENCOUNTERED 

S' 

13. DATE AND TIM!; COMP!HED 

4/2/1511"15 

17. DEPTI-l TO WATER MW HAPSW TIM[ MHR DRILLING COMPlETEO 

19 OTHER WATER lEVH MEA\UREMENT5 (SPl'C•FY; 

" SAMPl( TYPE 

GRAB 

SHEETS 

l of 1 

21. SAMPLE INHRVAL AND DESIGNATION FOR lAB ANALYSIS ISAMPlE mTERVAL AND DESIG.NATION fOR mw sc.REENING ANALYSIS 

Soil samples ccllec!ed at O !o l feet below grade (S5·01 0-2) ancl 6 to 8 feel 

below grade [55-Ql 6-81 Every 2 feet (approximate) for VOCs with a PIO 

SCRHNiNG ANALYSIS 

22. DISPOSITION IF NOT A WUl, SACKflllED WITH 23. GEOLOGIST 
"F HOLE Cu!ttngs 

uses DEPTH DESCR!PTION OF MATERIALS 

LOG (FT) 

la) lbl (c( 

Concrete 

1-5' Sr own frne SANO wath little gravel 

B,own !1ne SAND wuh !,ttle gravel, wet at 8 feet 

9-10' Red CLAY 

10-J', Hed CLAY 

_ Borehole terminated al 15feet belvw q,ade 

-
. 

-
-
-

--

-

-
-

-

-
-

-

-
-
-

-

PROJECT 

CRISTAL USA FACILITY 

DIRECT READING (d) 

voe Depth of 
{ppm) Read,n" 

u 0-2' 

4-6' 

u 6-8' 

SW 

10,11' 

12-14 

,.s 14-l~ 

HOlf NO.· 

ANALYTICAL 
SAMPU' DESIGN. 

le) 

5'>-01 0-2 lone 8 o,. soil /ar. two 4 

oz. soil Jars and encores) 

Katherine Chds!<msen 

DEPTH RECOVERY 

(CJ % 

'" '" 
SO% 

REMAR~S 

No v1«1al evidem:e of stoin111g or 
odor observed 

Sta,nwl ,01/ w,a, o mmor 

pe/mleum odor Jmm 7 to 8 feet 

S',-01 6-8 [one 8 oi soil 1ar, two 41 
o,. so,I 1ars and encores); OllP·07 I 

-----"C-----!-----1----------1 

I 

I 

I 

I 

SS-01 

7~% 
No vrsuol evidence of ,wming 01 

odor observed 



l<;o1t BORING LOG 

1. COMPANY NAME 

URBAN GRHN f:NVIRONMf:NTAl, llC 

3. PROJfCT 

CRISTAL USA FACILITY 

7. NAME O!' DRILLER 

Don Marchese 

9. SIZ[SAND TYPl'SOF DRILUNG AND SAM PUNG EQUIPMENT 

2 in. x 5 It macrowre 
TYPE Of LINER U5£D, If APPliCABLE 

HOP£ 

11. DIRECT READING PARAMETERS 

PID / TOT Al voes/ 11.7 EV/ MINIRAf 3000 

14. OVERBURDfN THKKNbS 

>15' 

16. DEPTK DRILLED INTO ROCK 

" 18. TOTAL DEPTH OF HOU: 
,s· 

20. :;LL INSTALLED' IIF SO COMPLETE CONSTRUCTION DIAGRAM 

21. SAMPLE INHR\'Al AND DESIGNATION FOR lAB ANALYSIS 

Soil samples collee!ed at O lo J feet below g,ade ISS-02 0-2) and 13 to 15 
feet beiow arade jSS.02 13-15) 

22. O!SPOSIT!ON IF NOT A WfU. BACKFILLED WITK 

OFl-lOLt Cuttings 

uses DEPTH DESCRIPTION Of MATERIAI.S 

LOG (FT) 

(a) (b) '" 

2. DRlll SUBCONTRACTOR 

GSI M,d·Allanhc, Inc 

S. MANUFACTURER'S DESIGNATION Of'. DR Ill 

GfOPROSE 7S22DT 

10. SURFACt ElEVATION AND CONDITIONS 

SS-02 

Gravel WeS1 end of Chemical Bu;ld,ng foo!pnnt 

SHEET SHEElS 
1 of 1 

12. DATE AND TIME STARTED 

4/10/15 7,55 

in. DATE AND TIME COMPlfTED 

i 4/1011~ s,10 

15 DEPTK GROUNDWATER fNCOUNHRfD 

17. DEPTH TO WATER AND tlAPSED TIME AFTER DRILLING COMPLETED 

" 19. OTKER WATER LEVEl MEASUREMENTS {SPECIFY) 

SAMPlf TYPE 

'"'" )SAMPlf t!ITERVAL AND DESIGNATION WR flHD SCREENING ANALYSIS. 

I Every 2 feet {approximate) for VOC:; w,th a PIO 

DIRECT READING {d) 

VOC Depth of 
{ppm) Read,no 

o., 

23. GEOLOGIST 

ANALYTICAL 

SAMPl( DESIGN 

r,r 

Kathenne Clmstensen 

DEPTH RECOVERY 

(FT) % 

,,, 
'" 

SCREENING ANALYSIS 

voe, 

Dark b,own medium-fine SAND 11111th little gravel at top, mo,S1 SS-02 0-2 lone Bo,. soil jar, two 4 

o,. soil Jar< and enco,e;) ........ 

2-4' l,€ht red-brown sandy ClAY, rnmst 

... 
48 R~d-brown CLAY 

5-10' Red, brown and white CLAY 

10-lS' Red, whne and purple CLAY 

_ Borehole re,mm01ed O! 10Jee/ befow grode5 

-
---
-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-
-
-
-

PROJECT: 

CRISTAL USA FACILITY 

2-4' 

0.0 

o, 6-8' 

OA 8-10 

0.0 J0-1?' 

o, 12-14" 

14-1~' 

HOlfNO 

SS-02 13-15 (one 8 o,. so,I Jar, two 4 

o,. soil Jars and encore,) 

SS-02 

7~% 

90% 

lOU% 

No visuol eoidenu of ,rommg or 
odor observed 

No v,rno! ev1denc~ of stommg or 

odor ob<e1ved 

No w.<uoi evidence of ,tommg or 

odor observed 



ko1t SORING LOG 

1. COMPANY NAM£ 

URBAN GREEN ENVIRONMENTAL, ll.C 
3 PROJECT 

CRISTAL USA FACILITY 

7. NAME Of DRILLER 
Don Marchese 

9. SIZfSAND TYPES OF DRILLING AND SAMPLING EQUIPMENT 

2 m. x S It. macrncore 

2. DRlll SUBCONTRACTOR 
GSI Mid·Atlanti<, ln, 

HOLE NUMBER 

8. MANUFACTURER'S D[SIGNAflON OF DRlll 

Gf0PROB£ 78220T 

10. SURFACf ELEVATION AND CONDITIONS 

SS-03 

SHffT Sf!HTS 

1 of 1 

TYPE OF LINER USfO, If APPUCABlf. Gt ave I - West of tank cradl"> located between the Chem,<al Building footprint and the Spent Solvent Sm rage Area 
HOPE 

11. OtRECT READING PARAMETERS· 

PIO /TOTAL voes/ 11.7 EV/ MINiRAE 3000 
12. DATE AND TIME STARITD 

4/10/lS 8:15 

13. DAH AND flME COMPlETED 

4/10/lS 8·40 
14. OVERBURDEN THICKNfSS 

,,s 

16. DEPTl-l DRILLED !NTO ROCK 

" 18. TOTAL DEPTH OF HOLE ,,. 
lO. WELl INSTAU.W' I~ SO COMPlETf CONSTRUCTION DIAGRAM 

YtS, TEMPORARY 

15. DEPTH GROUNDWAHR fNCOUNTf.RED ,· 
17. DEPTH TO WAHR AND ElAPSED TIME AFTER DRILLING COMPLETED 

" 19. OTHER WATER LEVEL M£ASUREM€NTS (SPECIFY) 

" SAMPLET\'Pt· 

GRA8 

21: SAMPU: !NHRVAL AND Dt51GNATION FOR lAB ANALYSIS !SAMPLE INTERVAL AND DESIGNATION FOR FIELD SC.RHNING ANALYSIS. 
So,I ;;;mples collected at Oto 2 feet below grade (SS-03 0-2) and 4 to 6 feet 

below grade (SS-03 4-61 £very 2 feet (approx,matel for VOCs w,th a PID 

21 DISPOSITION IF NOT A WEll, BACHlt.lED WITH 23. GEOLOGIST 
OFHO!.E Cuttings 

uses DEPTH Df:SCRIPTION Of' MATERIALS 

WC IITI 
1•1 lo! 1,1 

0-05' Dark brown coarse SAND and gravel 

0.5-2' Red-brown medi\,m,fine SAND 

2·4' Red brown sandy ClAY 

4-5' light red med,um-f1ne SAND, moist 

5-7 L1gt1l red n,ed1un,-fme SAND. moist. we\ 6 to 7 foe, 

7-8' Gray medium-fine SAND 

8-10' LiR~tbrnwnCIAY 

DIRECT R!'AD!NG Id] 

,oc Depth of 

(ppm) Read,ng 

0.0 "' 
,, 

'' 
o., H 

o; '' 
,, no 

Kather,i,e Cilrntensen 

ANALYTICAL 

SAMPLE DESIGN 

lei 

55.03 o.;,; {one 8 o,. so,I Jar, two 4 

oz.so,IJaisandencores)' I 
i 
I 
I 

SS-03 4-6 {_o'.'e 8 o, __ soil!"'· two 4 I 
o,. so,! Jars and encores) 

OtPTH RECOVERY 

IFTI % 

1•1 1,1 

750\ 

7$% 

SCRHNING ANALYSIS 

voe, 

RtMAl!KS 

No vr<uo/ evidence of .,!ammg or 

odor observed 

No m·c,a/ ewdenc,• of .stwn"'g or 

odor observed 

I -----+--+---i--------~i---+---i-----------

1 

10 15 

PROJFCT 

Red, purple and brown CLAY 

_ Botello/e /erm,nmed at 15 jeer below grade; placed 1empororv 

groundwotN momton"g well w,//, 5 feet of.<crun or,d •1 fee/ of cosmg to 
- ground surface 

-
-

• Su,foce >ml sample wa.< wliec:!ed from µrevwu;/y ob,erveo' perrole<1m 

,mpacred so// (prior 58-23 bonng otlemrl/ which wos locmed 

···· · · · approx,motley 5/eet eost o/rhr< boring. A slighr pet,ole<Jm odor and PW 

- 1eod,n9 of l0.6ppmwasobservdmth,•s01lsample 

-
-

-

-
-

-

-
-
-

...... 

-
-
-

CRISTAL USA FACILITY 

01 10-lt' 

0.0 D-14' 

0.0 14-15' 

HOLE NO 

I 

I 

I 
' 

SS-03 

100% 
No V/S'1DI evidence of stommg or 

odo, obse,ved 



HOlE NUMBER 

SOIL BORING LOG "~ 
1. COMPANY NAM£ 2. DR1ll 5U8CONTRACTOR SKffT SHfETS 

URBAN GRHN ENVIRONMENTAL ll( GSI M;d·Atlant,c, Inc ' o< ' 3. PROJECT 

CRISTAL USA fACIUTY 

7 NAME Of DRILLER 8. MANUFACTURER"S DESIGNATION Of DRlll 

Don Marchese GEOPROS£ 7822DT 

9. Sil£$ AND TY?ES Of DRILLING ANO SAMPLING fQUIPMENT 10. SURFACE flfVATION AND CONDITIONS 

2 in. x 5 ft. macrocorn 
Gravel - Near drainage ditch lo the ea.st o! tank cradles localed between the Chern1cal Build"'€ footpnnt and the Spent 

TYPE Of LINER usrn. If APPLICABLE 

HDPc 
Solvent Storage Area 

11. DIRECT READING PARAMETERS 12. DATE AND TIME STARHD 13. DATE AND TIME COMP!ETE'D 

PIO /TOTAL voes/ 11 7 EV/ MINIRAE 3000 4/10/15 8.50 4/10/1~9:10 

14. OVERBURDEN TKIC~NfSS 15. DEPTH GROUNDWAT£R tNCOUNTfRfO 

~1s· " 16. DE/>TH DRlllED INTO ROCK 17. DEPTl-1 TO WATER AND HAPS ED TIMf AF1 ER DRILLING COMPlCTtD 

" " 18 TOTAL DEPTH OF HOLE 19. 0Tl-11;R WATIR lEVH MEASURlcMENTS (SPECl!'Y) 

,s " 20. W£lllNSTALLE0' IIF 50 WMPL(Tt CONSTRUCTION DIAGRAM SAMPLETYP£ 

,o GRAB 

21. SAMPLE INTERVAL ANO DfSIGNATION fOR LAB ANAl YSIS l>AMPlE mHRVAl AND DESIGNATION FOR FIElD SCRffNING ANALYSIS SCRHNING ANALYSIS 

So,t samples colle<:!ed at Oto 2 feet below grade (SS-04 0-2) and 1310 15 

feet below orade 155.04 13-15) Every 2 feet (i!pprox,mate) for voe, with a PID ,oc, 
22. OISPOSIT!ON IF NOl A WHL, SACKFILLtD WITH 23 GEOLOGIST 

Of HOLE Cunings Katherine Chmtensen 

ANALY11CAL DEPTH RECOVERY 

uses DEPTH DESCRIPTION or MATERIALS DIRECT READING (d) SAMPLE DESIGN (IT< % REMARKS 

WC IC.I "' Depth ol 

1•1 '"' '" jppm) Rcad;ng lei '" '" 0-1' Srown coarse SAND anti 8r;,vel 0.0 0-2' 
SC<-04 0-2 {one So,. soil Jar. two 4 

I 
oi soil Jars and encoresi I No visual evidence of <tainmg or 

1-4' ll~hl brnwn-grny rned,t;rn-fine SAND ,., '' 75% 
odo, ob,erved 

4-5' Red aM brown SANDY CLAY OA 4-6' 

S-7' Red·brown med1um-fme SAND 

I '' "' No v«uo/ et;1dence of sra,mng D< 
50% 

odor observed 
7•1ff Brown CLAY OA S-10' 

'' JO!)' 

10-15' Red, wh,ie and purple CIAY " 12-14 100% 
No v1wol evidence of ,ram mg or 

',S-04 13-15 (one B 0,, SOIi Jaf, two 4 i odor observed 

o,. ,o,I Jars and en<Ores) 1 
OS 14-15' 

Borehole termma1ed at 15/ur below g1ade -
-
-
-
-
-
-

-
-
-
-
-
-

-
-
- I 

-
--
-
-
-

-
- I - I 

PROJECT f-lOLE NO 

CRISTAL USA FACILITY SS-04 



SOIL BORING lOG 
1. COMPANY NAME 

URBAN GRHN tNVIRONMENTAl, llC 

3. PROJKT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 

Don Marchese 
. SIZES AND TYPES OF DRILLING ANO SAM PUNG EQUIPMENT 

2 jn_, 5 ft. macroco,e 

2. DRIU 5UBCONTAACTOR 

GSI M1d·Atlantic, Inc 

IHOU NUMBER 

8. MANUFACTURER'S DES!GNATION OF ORlll 

GEOPROBE 7822DT 
10. SURfACf ElEVATION AND CONDITIONS 

ss-.os 
SHEET SHEETS 

1 of 1 

TYPE Ol' llNfR USED, IF APPliCABl[ 
HOP( 

Asphalt - Near s!ormwater filter located along the soLlt~ea,tem port«>~ of the Spent Solvent Stoage area 

11. DIRECT READING PARAMETfR5 

PIO /TOTAL voes/ 11.7 EV/ MINIRAI' 3000 

14. 0V£R8URD£N 1tl1CKNES5 
~,o· 

12. DATE AND TIME STARTED 

4/2/15 11.35 

15. DEPTH GROUNDWATER ENCOUNTERED ,. 

13. DATE AND TIME COMPLETED 

4/2/15 12'15 

16. DEPTH DRILLED INTO ROCY 

" 
17. DfPTH TO WAfER AND HAPS ED TIME AFTER DRILLING COMPLETED 

" 18 TOTAL DEPTH Of HOlf ,,. 
20. Wfll INSTALLED? IF 50 COMPLETE CONSTRUCTION DIAGRAM 

YES, TEMPORARY 

19. OTHER WATER LEYH MEASUREMENTS !SPECIFY) 

" SAMPlEWPE: 

GRAB 

21: SAMPLE INT£RVAl AND DESIGNATION FOR LAB ANALYSIS ISAMPlE INHRVAl AND DESIGNATION FOR FIHD SCREENING ANALYSIS. 

So,I samples collected at 1 to 3 lee\ below grade (55-05 1-31 and 6 to 8 feet 
!,,,low rade {SS,05 6-81 Every l feet {appro~,mate) for VOCs w,th a PIO 

22. DISPOSITION IF NOT A WElt. BACKFILLED WITH. 23. GEOLOGIST 
l"F HOU: Cutt,ng; 

uses OfPTH 

WC IFCI 
l•I '"' 0·1' 

1 .. 2• 

" 
$-'/ 

1-9' 

9-10' 

10-12' 

12 1s· 

15-20' 

PROJECT 

DESCRIPTION Of MATfRIAl 5 

,,, 
Asphalt and gravel 

Brown sandy ClAY 

Dark brown loamy SANO, moist 

Brown loamy SAND, mo1St 

Gray fme SAND, moist, wet 8 to 9 feet 

Btowo,CLAY 

Brown lLAY 

RedandtanClAY 

H~d and ta" ClAY 

__ 8mehal,· iermmoted 0110/eel below grade; pioced tempa,ory 
graundwaw momwrmg we/{ with 15/eet a/ screen ond 5 feet af co;ing ro 

~ ground surface due{<) perched war er above the clay 

-

-

-
-
-

-

-
-
-

. 

--

-

-
-
-

CRISTAL USA FACILITY 

DIRECT READING {di 

voe Depth of 

\ppm) Read,ng 

0·2' 

3.3 

5.0 

10-ll 

O.l 12-14' 

14-IS' 

l~-17 

u 17-19 

'' 19·20' 

HOl[NO 

ANALYTICAL 

SAMPlf DfSIGN 

(el 

SS-05 1-3 (one so,. soil Jar. two 4 
a:. sail J~" and encore,) 

SS-05 6-8 (one Bot. ,o,I /at. two 4 

01. ,a,I Jars ~nd ~n,o,esl 

Katherme Chflsten,en 

DEPTH RECOVERY 

IFTJ % 

'" 
50% 

15% 

100% 

10m: 

I 
I 

55-05 

SCREENING ANALYSIS 

voe, 

REMARKS 

Mmor staining and pnrole<Jm 
odorfromlwSfeer 

Solvent odor fmm 5 fo .9 feet; no 

<lmnmg obser~ed 

No v,sua/ evidence a/ ,tmmng ar 

odor ab,erved 

No v,«iu/ evidence a/ s!mmng u• 

arlar ab,erved 



SOil BORING LOG 
1. COMPANY NAME 

URBAN GRltN fNVIRONMENTAl, LLC 
3. PROJECT 

CRISTAL USA fACIUTY 

7. NAME Of DRILLER 
Don Marchese 

9. SIZES AND TYPES OF ORllllNG AND ;AMPLING EQUIPMCNT 

2 in., 5 11. macrocore 

2. DRILL SUBCONTRACTOR 

GSI Mid·Atlantic, Inc. 

IHOlf NUMBER 

8. MANUFACTuRrn'; D[SIGNAT!ON Of DRIU 

GEOPROBE 7822DT 
10. ;uRrA([ El[VATION AND CONDlliONS 

SS-06 

SHEET SHffTS 
1 of 1 

TYPE OF LINfR usrn. If APPUCASlf 

HOPE 

Asphalt Southeast end of lhe Spem Solvent Stornge area 

11. OIRfCT READING PARAMETERS 
PIO /TOTAl voes/ 11.7 EV/ MINIRA[ 3000 

14. OVERBURDEN TKleKNESS 
>1S' 

12. DATt AND TIME STARTIO 

4/2/15 12;30 
15. DEPTH GROUNDWATER ENCOUNTERED 

13. DATE ANO TIME COMPLCTEO 

~/2/lS 13:00 

16. OffTl-l DRILLED INTO ROCK 

"' 
17. Dl:PTH TO WAHR AND HAPSfD TIME AHfR DRIUING COMP!fTfD 

"' 18 TOTAL DEPTH Of I-JOU 
,s 

19. OTKER WAHR LfVU MEASUREMENTS (SPtCIFY) 

" SAMPUTVP!' 
CMS 

21: SAMPLE IN1_ERVALAND DESIGNATION FOR LAB ANALYSIS !SAMPLE INTERVAL AND DESIGNATION FOR flHD se.RHNING ANALYSIS. 

Soil $ample, col,ected at l to 3 feet below grade (SS-06 1-31 and~ to 7 foet 
below ~,ade (SS-06 S-71 rve,v 2 fee1 {approx,mate) for VOC,; w,th a Pit) 

22. DISPOSITION IF NOT A WUL BACKHll£D WITl-l 23. GEOLOGIST 
OFHOLf Cutungs 

uses !DEPTH 

LOG (FT) 

DESCRIPTION or MATERIALS 

(a) (bl r,r 
," •• '.· .....•......• 

0
A,phah and ,oncrete 

5-7' 

1-9' 

' 9-10' 

10-15' 

Tan fine SAND, molSI from 4 10 5 feet 

Tan fme SANO and gravel, moist 

--1--

Light Ian fine SAND with little gravel, saturoted 

RedeLAY 

Red and wh,te ClAY 

Borehole termmared or JS jeer below qrode; p/oced tempo1my 

.. 

- groundwarer monitonng well with 15 feel of ;,:reen ond 5feer of w<ing to 

PROJECT 

- ground ,urfoce 

-
_ !a!et obondoMd well due to bene, r;,rod'1ction w,rh,n umpora1v well or 

SS-05 

-
-
-

-
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-

CRISTAL USA FACILITY 

DIRECT READING" {di 

voe Depth of 
ipprn) Readmg 

'' 0-2· 

u 4-6' 

u 6-8' 

8-10 

10-12· 

' ' 12-14 

HOlf NO 

ANALYTICAL 

SAMPllc DESIGN 

le) 

SS-06 1-3 jone 8 o,. soil j~,. two 4 

o,. so,1 Jars and encores) 

SS-06S-7{one8oi ;oi1Jar.two4 

o,, so,l ,ars and encores! 

Coll~cted SS·Ol to SS·06 COMP from 

surface sod of %-01 to SS-00 soal 
bonngs (one 4 o,. soil 1a<) 

I 

I 
I 
I 

Kather,ne Chrmensen 

DEPTH RfCOVER~ 

(FT) % 

{fl {g) 

SO'X 

7S'll 

90% 

I 
I 

SS-06 

SCRHNING ANAlYSIS 

VO($ 

REMARKS 

No vi,1/ol evide,i.~ of szo,n,ng or 
odot obse,ved 

No viol/al ev,den<:e of ,ro,mng 01 

odor observed 

No v1>uo/ ev1den<e of sra,11,ng or 
odor observed 



HOLE NUMBER 

iSOll 80RING lOG S8-01 

1. COMPANY NAME 2. DRILL SUBCONTRACTOR SHEET SHEETS 

URBAN GRHN tNVIRONMENTAl, LLC GSI M•d-Atlant,c, Inc ' o< ' 
3. PROJECT 

CRISTAL USA FACILITY 

7. NAME Of DRILLER S. MANUFACTURER'S DESIGNATION Of DRILL 

Don Marchese GEOPRO!IE 78220T 

9. SIZES ANO TYPES Of DRILLING ANO SAMPLING fQUIPMENT 10. SURFACE HtVATION AND CONDITIONS 

2 m., S ft. m~crocore 

TYPE OF LINER USED, If APPUCA!ILE Grass Fenced vegetated lot in the western portion of th~ prnperty 

1-lDPE 

11. DIRECT READING PARAMETERS 12 DATE AND TIME STARTED 13 DATE AND TIME COMPLETED 

PID /TOTAL VOCS / 11.7 EV/ MINlflAE 3000 3/31/15 8:15 3/31/15 8:35 

14 OVERBURDEN Tl-llUN!:55 15 DEPTH GROUNDWATER ENCOUNTERED 

~1s' " 16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WATER AND HAP SEO TIME AHER DRILLING COMPLETED 

" " 18. TOTAL DEPTH Of HOU: 19. OHltR WATER LEVEL MEASUREMtNTS {SP£CIFY) 

,;· " 0. WElLINSTALLED' If 50 COMPLETE CONSTRUCTION DIAGRAM SAMPLE TYPE 

'° GRAB 

21. SAMPlE INTERVAL ANO D£SIGNAT10N FOR LAB ANALYSIS I SAMPLE l'fHRVAl AND DESIGNATION FOR FIELD SCREENING ANALYSIS. SCREENING ANALYSIS 

So,I "'mples collected a! 0 !o 2 fee! below grade {SB-01 0-21 and 13 to 1S 

foe! below "rade [SB·Ol 13·151 Every 2 feet japprox,mate) for voe, with a PIO voe, 
22. DISPOSITION If NOT A WELL, BACKFILLED WITH 13. GEOLOGIST 

Of HOlf Cuttings Katherine Christensen 

ANALYTICAL DEPTH RECOVERY 

uses DfPTH DESCRIPTION Of MATERIALS DIRECT READING (d) SAMPU DESIGN IFO % REMAMS 

"' "" ooc Depth of 

l•I 101 ,,1 {ppm! Ruding l•I ,,, 1,1 
0-1' Red-brown sandy CLAY with little gravel o., 0-2' .... SB-01 0-2 lone 8 oz. soil Jar) 

'"' 
No vis~al ev,dence o/ s/ammg or 

1-S' Red and tan CLAY 
u 2-4' odor observed 

0; 4-6' 

" '" ! No visual evidence of sta,mng a, 
5-10' Red and tan CLAY ! 100% 

' odor ob,erved 
u 8·10 I 

i ·-
'" 10-12' 

I 10-15' Red and whue CLAY 100% 
No mua/ evidence of stain mg'" 

o., 12-14· odor observed 

SB-0113-15 lane 8 o, so,I jar) i '' 14-15' 

- l/01eho/e term,naied at J 5 jeer below grade 

I 
I -

-
-
-
- I -

-
-
-
-
~--· 
-
-
-
-

-
-
-

-
-
-

-
-
-

PROJECT HOLE NO 

CRISTAL USA FACILITY S8·01 



!sOll BORING lOG 
1. COMPANY NAME 

URBAN GREEN ENVIRONMENT Al, LL( 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 
Don Marchese 

9. SIZES AND TYPES OF DRILLING AND SAMPLING EQUIPMENT 
2 in., 5 ft. macrocore 

TYPE OF LINER USED, ff APPLICABLE 

HDPE 

11. DIRECT READING PARAMHERS 
PIO /TOTAL voes/ 11.7 EV/ MINIRAE ~000 

14. OVERBURDEN THICKNESS 
>15' 

16. DEPTH DRILLED INTO ROCK 

" 18. TOTAL DEPTH OF HOLE 

" 20 :HL INSTALLED' ( SO COMPlEH CONSTRUCTION DIAGRAM 

21. SAMPlE INTERVAL AND DESIGNATION FOR LA!! ANALYSIS 

Soil samples collected a! 1 to 3 /eel below grade ISB-02 1-3) and 13 to 1S 

feet below •rade ISB-0213·1SI 

22. DISPOSITION 
OF HOLE 

uses lDEPTK 

lOG (FT) 

(al {bl 

0-1" 

l-3' 

S-10· 

10-15 

-
-
-
-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-
-
-
-

PROJECT 

IF NOT A WELL, BACKFILLED WITH 
Cumng, 

DESCRIPTION OF MATERIALS 

,,, 
Asphalt and concret~ 
. ------------

Red-brown sandy ClA\' 

Red and white CLAY 

Red, whne and purple CLAY 

Red, white and purple CLAY 

Borehole zermtnmed ar 1Sfeet belowgrode 

CRISTAL USA FACILITY 

2. DRILL SUBCONTRACTOR 
GSI M,d-Atlantic, Inc 

IHOlE NUMBfR 

8. MANUFACTURER'S DESIGNATION OF DR Ill 

GEOPROBE 7822DT 

10. SURFACE ELEVATION AND CONDITIONS 

SB-02 
SHHT SHHTS 

1 of l 

A<phalt Park,ng lot near the western portion of the warehouse 

12. DATE AND TIME STARTED 

3/H/lS 7 50 
15. DEPTli GROUNDWATER ENCOUNHRED 

" 

13. DATE AND TIME COMPL£TED 

3/31/lS 8.10 

17. DEPTH TO WAHR ANO flAPSED TIME AFTER DRILLING COMPL£TED 

19 OTHER WATER LEVEL Ml'ASUREMENTS (SPECIFY) 

" SAMPLE TYP£ 

GRAB 

[

SAMPLE IUHRVAL ANO DESIGNATION FOR f'IELD SCRHNING ANALYSIS 

Every 2 leet {approx,mate) for voe, with a PID 

DIRfCT READING ldl 

voe Depth of 
{ppm) Reading 

" 

23. G£0t0G1ST 

ANAlYTICAL 

SAMPLE DESIGN 

l<I 

SB-02 1-3 (one S oz. soil ja,), DUP-02 

l.S 

'' 

1-!0LENO 

4-6' 

0-8' 

12-14 

14-15' 

SB-Ol l 3· 15 {one 8 Ol soil Jat), 

MS/MSD,01 

' 

Katherine Chnsten<en 

DEPTH RfCOVfRY 

(FTI % 

IIJ {gl 

75% 

100-% 

100% 

SB-02 

SCRtENING ANAl Y515 

voe, 

REMARKS 

No vt>vol evidence of ;ra,nmg ar 

odor observed 

Na visuol evidence of stmnmg or 

odor observed 

No v,suaf evidence of m11mng or 

odor observed 



HOlE NUMBER 

Oil BORING LOG 
1. COMPANY NAME 

URBAN GREEN ENVIRONMENTAL, LLC 

2. DRlll SUBCONTRACTOR 

GS! M,d-At!antic, !Ile 

SHEET SHHTS 

1 oi 1 
3. PROJECT 

CRISTAL USA FACILfTY 

7 NAME OF DRILLER 

Don Marchese 

9. SIZES AND TYPES Of ORllUNG AND SAMPLING EQUIPMENT 

2 in., S tt. mac roe ore 

TYPE OF LINER USED, IF APPLICABLE 

HOPE 
11. DIRECT Rt AD ING PARAMETERS: 

PIO /TOTAL VOCS / 11.7 EV/ MINl!IAE 3000 

14. OVERSURDEN THICKNESS 

>20' 

16. DEPTH DRILLED INTO ROCK 

" 18. TOTAL DEPTH 0, HOLE 

,0 

20. WHl INSTAlLED' IF SO COMPLEH CONSTRUCTION DIAGRAM 

" 

8 MANUFACTURER'S Df:SIGNATION OF DRILL 

GEOPROB!; 78220T 

10. SURF AO: EU:VATION ANO CONDITIONS 

A,phalt Par~ing lot alo~g the northern portion of the Warehouse 

12 OATEANOTIMESTARn:o 

4/2/15 7:S5 
15 DEPTH GROUNDWATER ENCOUNTERED 

" 

13. DATE AND TIME COMPLETED 

4/2/15 8:25 

17. DEPTH TO WATER ANO HAPSEO TIME AFTER ORllUNG COMPLETED 

19. OTHER WATER LEVE! MEASUREMENTS I SPECIFY) 

" SAMPLE TYPE 
GRAS 

21. SAMPLE INTERVAL ANO DESIGNATION WR LAS ANALYSIS jSAMPLE INTEIIVAl AND OES!GNATION FOR flHD SCREENING ANALYSIS SCREENING ANALYSIS 

Soil samples collect"d at l to 3 feet below grade (SB-03 1-3) and 13 to 15 

feet below grade ISB-03 13-151 I 
22. DISPOSITION 

OF HOLE 

uses DEPTH 

LOG {FT) 

(a) (bl 

0-1' 

4.S-

S-10' 

10-12' 

15-20 

IF NOT A WEll, BACKflllED WITH 

Cutt;ngs 

DESCR!PTION OF MATERIALS 

1,, 
Asphalt and concrete 

fill (brown medium,fme sand), mo LS!, pres,.med to be perched 

,tmmwate; 

Red-brown CLAY 

Ught r~d and tan CLAY 

Red·brownCLAY 

Light ,ed and tan CLAY 

L,ght r€d and tan CLAY 

... 

~ The sad bar mg wo, to be completed wirh o remporory groundwater 

momtarm9 wdl, no ev,denu of water wa, observed ot 15 jeer below 
-- grad~, ,o the borehole wa, extended to 20 feet Due to dense clay from 4 

- to 20 feet and "a evidence of waler, rhe borehole was terminated and no 

>----~well wa, mstol/ed. 

--

-
-
-

-----

-

-
-
-
--

-

-

-
-

PROJECT 

CRISTAL USA FACILITY 

Every 2 feet (approximate) for VOCs w,th a PIO 

DIRECT READING (cl) 

,oc Depth ol 

(ppm) Reading 

o., .,. 
u 2-4' 

o., 4·6' 

o; 6·$' 

10 B-10' 

0.9 10-12 

'" 12-14 

o., 

u 

O.S 

0./ 19-20' 

r10l£NO. 

23. G!'OlOGIST 

Katherme Chnstensen 

ANALYTICAL 

SAMPLE OES!GN 

1•1 

SB-03 1-3 \ones o, so,I 1arJ, OUP-061 

SB-03 13-15 lone 8 OZ. SOIi jar), 

MS/MSD-03 

DfPTH RECOVERY 

1q1 % 

I)( 1,1 

100% 

100% 

100% 

SS-03 

voes 

REMARKS 

No wsua/ ,,v,den~e of ,taining or 
odor o/:J,nved 

Na wsual evrdence of sroining or 
odor observed 

Na visual evidence of stammg or 

ada, observed 

No vi,uo/ ev,dence of <tam mg or 

odor ab,erved 



SOIL BORING LOG S8.{)4 

1. COMPANY NAME 

URBAN GREEN ENVJRONMENTAL, llC 
2. DRlll SUBCONTRACTOR 
GSI M,d-A!lantic, Inc 

SHEH SHEHS 
1 ol 1 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 
Don Marchese 

f9. SIZES AND TYPES OF ORILUNG AND SAMPLING EQUIPMENT 
2 ,n., S ti. macrocore 

TYP€ OF UNfR USED, If APPLICABLE 

HOPE 
11. DIRECT READING PARAMETtRS 

PID /TOTAL voes/ 11.7 EV/ MfNIRAE 3000 
14. OVERBURDEN THICKNESS 

~1s· 
16. DEPTH DRILLED INTO ROCK 

"' 18 TOTAL DEPTH OF HOLE 

" 20. WHL INSTALLED' IF SO COMPLETE CONSTRUCTION DIAGRAM 
,o 

8. MANUFACTURER'S DESIGNATION OF ORILl 

GEOPROBE 782201 
10. SURFACf ElEVATION AND CONDITIONS 

Asphalt Road, nea, the Sulfate firnsh,n.s Bwldin~ footprint 

12. DAT!: AND TIM€ STARTED 

4/2/lS 8;30 
15. DEPTH GROUNDWATER ENCOUNTERED 

13. DATE AND TIME COMPLETED 

4/2/15 9 15 

17. DEPTH TO WATER ANO HAPS ED TIME AFTER DRILLING COMPLHED 

"' 19 OTHER WATER lfVEL MEASUREMENTS {SPECll'Y} 

SAMPUC TYPE: 
GRAB 

21. SAMPlE INTfRVAL AND DESIGNATION f'OR LAB ANALYSIS 

Soil samples collected at Oto 2 feet below grade ISB·04 0-21 and 13 to 15 
feet below rade 1SB·04 13-lS) I

SAMPU 1r,,:HRVAl AND D£SIGNATION FOR HELD SCREfNING ANALYSIS-

fvery 2 feet (aj>prox,mate) for von w,th a PIO 

SCREENING ANAl YSIS 

voes 
12. DISPOSITION IF NOT A Wfll, BACKFILLED WITH 

CutHng, OFHOlE 

uses /DEPTH 

LOG (FT) 

DESCRIPTION OF MATERtALS 

(a) (bl ,,, 
- The soil bonng was ta be advanced m the lower C011crete <lot oi=g !he 

- bu1/d,ng footprmr. However, due to two loyers of concrete. the ,erond of 

- wh,ch was ,mpenotrob/e o! 1.5 fut below grade, the bormg WO< 

_ fermmated and moved to rhe asphalt roadway od1acen! to !he buildmg 

0-0 5' Asphalt 

05-S' Red and tan CLAY 

S-10' Red and tan CLAY 

10-lS' Red and tan CLAY 

Borehole rerm,nated or 15 Jeer below geode -
-
-

-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

PROJECT 

CRISTAL USA FACILITY 

DIRECT READING !di 

voe Oepthof 
I ppm) Readmg 

;; 

'' 
'" 4·6' 

,., 8-10 

LS 10-12 

12·14 

1.7 14-1~' 

HOltNO 

23. GEOlOGIST 

ANAlYfl(Al 

SAMPLE DESIGr. 

50-04 0-2 (one 8 o, <oll jao I 

56-04 13-15 (one 8 o,. so,I Jar) 

Katherine Christensen 

DEPTH RECOVERY 

IFrJ % 

(f) lg) 

7~% 

100% 

i 

I 100% 

SB-04 

Rt MARKS 

/\Jo v,rnol ev,denu oj ,wmmg or 

odor observed 

No v,wol ev,dn,a of ,rwning or 

odor observed 

No v,s~ol evidence of 5tommg or 

odor observed 



HOLE NUMBER 

S0!L 80RING LOG S8-05 

1. COMPANY NAME 2. DRILl SUBCONTRACTOR SHEET SHEETS 

URBAN GREEN ENVIRONMENTAL, LlC GSI Mid-Atlanlic, Inc. 1 of 1 

3 PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 8. MANUFACTURER'S DESIGNATION Of DRILL 

Don Ma,che$e GEOPROBE 78120T 

9. SIZES ANO TYPES OF DRILLING AND SAMPLING EQUIPMENT 10. SURFACE ELEVATION ANO CONDlnONS 

2 ;n. x 5 fl. macrocore 

TYPE OF LINER USED, IF APPLICABLE A<phalt Walkway along North Cak,ner Suild,ng footprint 

HOPE 

11 DIRECT READING PARAMETERS 12. DATE ANO TlME STARTED 13. DAT£ ANO TIME COMPtflfO 

Pl!l /TOTAL voes/ 11.7 £V / MINIRAE 3000 4/2/lS 9c20 4/2/15 9'45 

14. OVERBUROEN THICKNESS 1S DEPTH GROUNDWATER ENCOUNTERED 

>15' " 16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WAHR AND El.APSED TIME AFTER DRILLING COMPLETED 

" "' 18. TOTAL DEPTH OF HOLE 19. OTHER WATER lEVH MfASUREMt!IIT5 l5PECIFY) 
,s· 

" 20 WElL INSTALLED' IF SO COMPlfH CONSiRUCTION DIAGRAM 5AMPLfTYPE ,o GRAB 

21 SAMPLE INTERVAL AND OESIGNAT!ON FOR LAB ANALYSIS I SAMPLE INTERVAL ANO OfSIGNATlON FOR HELO SCREENING ANALYSIS SCRHNING ANALYSIS 

Soil sample, ~ollected at O \o 2 feet below grade {SB-OS 0-2) ar,d 13 to 15 

feet below grade {SB-OS 13-lS) Every 2 feet (approx,mate) for VOCs w;th a PIO voe, 
22. OISPOSIT!ON IF NOT A WELL, BACKFILLED WITH 23. GWLOGIST 

0~ HOLE Cuttings Katherine Christensen 

ANALYTICAL DEPTH RECOVERY 

uses DEPTH DESCRIPTION Of M/\TER!/\l~ DIRECT READING ldl SAMPLE DESIGN IITI % REMARKS 

WC IITI ,o, Depth of 

1,1 ISi 1,1 (ppm) Readjng lei l'I "' - The soil bonng wo, w be odvanred"' the gra,,/exposed sm/a/ong the 

- building footprint. However, due to refusal at ,,x feet below grade, the 

- boflng was terminated and moved to the asphalt walkway adiacent to the 

- bu1/drng 

0-0.S Asphalt 22.4 '' SB-05 0-2 (one 8 01. ,o,I Jar) 

0.5-5" Red-brown ClAY, moist from 4 to 5 feet 
s; 2-4' 60% 

Shght perro/eum odor from J-5 

feet; no stommg ob,erved 

B , .. 
5-6' Red-brown CLAY, moist , ............ 

I 
" 6-8' 

7S% 
No vJ>uo/ evidence of ,tornmg oc 

6-10 Red CLAY odor observed 

I 
p 8-10" 

I 
u \0·11' 

10-15 Red and !an CLAY 1.5 12-14' 100% 
No visuoi evidence of ,ta1mng or 

I 
odor observed 

SB-05 13-15 {one 8 o, so,1 jar I ,, 14-15' 

Borehole terminated at 15 feet be/owgrode -
-
-
-
-
-

-
-
-

-
-
-
-
- I 

- I 
-
-
-

-
-
-

PROJECT HOLE NO 

CRISTAL USA FACILITY SB-05 



OIL BORING LOG 
1. COMPANY NAME 

URBAN GREEN ENVIRONMENTAL, LL( 

3 PROJ€CT 

CRISTAL USA FACILITY 

7. NAME OF DRILL€R 

Don Marchese 

9 SIZES AND TYPES OF DRILLING AND SAMPLING EQUIPMENT 

2 an., 5 ft. macrocore 

2. DRILL SUBCONTRACTOR 

GSI Mjd-At!antk, Inc. 

IHOU NUMBER 

8. MANUFACTURER'S DESIGNATION OF DRILL 

Gt0PR0BE 7822DT 
10. SURFACE EL[VATION AND CONDITIONS 

SB--06 

SHEET SKEHS 

1 of 1 

l,'1>£ OF UN£R USEO, IF APPLICABLE 

KDP!: 

Gravel. East of the North Cal«ne! Building footp1'nt and near prior oil aboveground storage tanks 

ll DIRECT READING PARAMETERS 

PIO/ TOT At voes / 11. 7 fV / M INIRAt :moo 
14. OVERBURDEN THICKNfSS 

>20' 
16. DEPTH DRILLED INTO ROCK 

" 18 TOTAL DEPTH Of HOLE 
,O' 

20. WHL INSTALLED? If SO COMPLETE CONSTRUCTION DIAGRAM 
,o 

12. DATE ANO TIME STARTED 

4/2/15 9:~S 
15 OEPTK GROUNDWATER ENCOUNTERED 

" 

13. DATE AND TIME COMPl.fTED 

4/2/15 10-20 

17. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPlHED 

19. OTHER WATER U:VH MEASLJREMENTS ISPECIFYJ 

" SAMPLE TYPE 

SAAS 

21 SAMPLE INTERVAL AND DESIGNATION FOR LAB ANALYSIS 

Soil samples collected at Oto 2 feet below grade (SB-06 0-21 and 13 10 15 

feet below !!rade IS8·06 13-15] I
SAMPLE IN"TfRVAL AND DESIGNATION FOR FIHO SCREENING ANALYSIS 

Every 2 feet (approximate) for voes with o PID 

SCREEN!NG ANALYSIS 

voes 
22. DISPOSITION IF NOT A WElL, BACKFltlEO WITK 

OF KOL£ Cuttings 

uses !DEPTH 

LOG IFTI 

DtSCRIPTION OF MATERIALS 

(a) {b) 

0-0.5' -
0 S-5" 

5.9• 

9-10" 

10-15' 

15-20 

,,, 
Gravel and asphalt 

- - - -- -----

Dark ,ed-brown ClAY 

Brown, red and tan GAY 

Red ClAY 

Brown, red and tan ClAY 

Brnwn, red and tan CLAY 

The soil boring wo, ta be completed with a temporary g1ounowc1ter 

- mamlormg well, no evidence af waler was observed ar 15/eer be/aw 

- grade, so rhe borehole wo, ex1ended to 20/eet Dcte !o deme clay fram 

- O 5 to 20 jeer and no evidence of water, !he borehole wa, termmoted and 

f----C"" well was ms tailed 

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-

-
-
-

PROJECT 

CRISTAL USA FACILITY 

DIR£CT READING /d) 

voe Depth ol 
/~pm\ Read,ng 

,.s 0-2' 

'' 
'' 
6-8' 

8-10" 

10-12' 

23. GWl0Gt5T 

ANAlYTICAl 

SAMPLE DESIGN 

,,, 
o, soil 1ars and encores) 

1,.14· SB-05 13-15 {one 8 o,. soil /ar, two 4 
o,. soil Jars and encores) 

14-15 

' ' JS-17' 

,, 17-19 

19-20 

HOLE NO 

Katherine Chrjstensen 

DEPTH RECOV£RY 

(FTJ % 

(fl {g) 

75% 

75';( 

100% 

100% 

58-06 

REMARKS 

No vi<uai ev,dente of staining or 
odor observed 

No v,s~al Rv,dence of ,rain mg or 

odor observed 

No w,~oJ ev,dence of siommg or 

odor ob,erved 

No visual ev,dence af s,ammg o, 

odor observed 



HOlE NUMBER 
ko1l801UNGlOG S8-07 
1. COMPANY NAME 2. DRlll SUBCONTRACTOR SH€H SH€ET$ 

URBAN GREEN ENVIRONMENTAL, llC GSI Mid·Atlant«, Inc 1 of 1 

3. PROJECT 

CRISTAL USA FACILITY 

F, NAMt OF ORIUER 8. MANUFACTURER'S DESIGNAflON OF DRILL 

Don Marchese GEOPROBE 782lDT 

' SIZES ANO TY?ES Of DRILLING ANO SAM PUNG EQUIPMENT 10. SURFACE ELEVATION AND CONDITIONS 

:, 1n x 5 fl. macrocore 

h-vn OF LINER USED, IF APPLICABLE Grass NNr '>e,unty Ofh,e 

HOPE 

11 DIRECT READING PARAMHERS 11 DATEANDTIMESTARTED 13 OATEANOTIMECOMPLHEO 

PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 4/7/1512:3S 4/7/15 12.55 

14. OVERBURDEN THICKNESS 15 DEPTH GROUNDWATER ENCOUNHRED 
~1s· " 16 DEPTH DRILLED INTO ROCK 17 OtPTH TO WATER AND ELAPSED T!ME AHER DRILLING COMPLETED 

" " 1S. TOTAL DEPTH OF HOLE 19. OTHHI WATER LEVEL MEASUREMENTS {Sl'ECIFY) 

" " 20. WELL INSTALLED:> IF SO COMPLHf CONSTRUCTION DIAGRAM SAMPLE TYPE 

" GRAB 

21. 5AMPL€ INTERVAL AND DESIGNATION !'OR LAS ANALYSIS lSAMPlE INTERVAL ANO DESIGNATION FOR FIELD SCRHNING ANALYSIS SCREENING ANALYSIS 

Soil samples rnllected at Oto 2 feet below grade (SB-07 0·2) and 13 lo 1S 

lee! below gtade (5B·07 13·15) Every 2 feet !approx;mate) for VOCs with a PIO voes 

22. DISPOSITION IF NOT A WEU, 8ACKFlllED WITH 23. GEOLOGIST 
OF HOLE Cuttings Katherine Chnstensen 

ANALYTICAL DEPTH RfCOVERY 

uses DEPTH 01:SCRIPTION OF MATERIALS DIRECT READING id) SAMPLE DESIGN IITI % REMARKS 

'°' "" eoc Depth of 

1•1 '" ,,, (ppm) Reading l•I [I) ,,, 
"" Brown sandy ClAY ,.o o,· 

SB-07 0-1 {one 8 oi soil jar) 
1-2' Tan med'l,m·hne SANO ...... - -------- -- - .. ----- No vi,ual evidence of ,tammg o, 

o., 2-4' 75'1.-
odor observed 

2-5' R~d-brown medwm-fme SAND 

OS '" _s_-_u· Brown CLAY 
- - - -

'" '' 100-'X 
No visual evidence of ,tammg or 

6·10" Red and white ClAY odor observed 
OS 8-10 

u 10·12' 

10-15 Red and w!Hte CLAY ,.o 12-14' 100% 
No visual evidence of stomt/lg or 

odor observed 

SB-07 13-15 jone 8 o,. soi! jar) 

'" 14-15' 

Boreho/~ terminated ot 15 /eet below grade 
I 

-

-

- I 
- I 
-
-
-

I 
----

-
-
-

- I 
-
-
-

..... 

-

PROJi:CT HOLE NO 

CRISTAL USA FACILITY SB..07 



SOil BORiNG lOG 
IHOlf NUMBER 

SB·08 
1. COMPANY NAME 2 DRILl SUBCONTRACTOR SHEET SHEETS 

URBAN GREEN ENVIRONMENTAL, LlC GSI Mtd·Atlanti<. Inc 1 of 1 

13. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 8. MANUFACTURER'S DESIGNATION OF DR!Ll 

Don Marchese GEOPROSE 7822DT 

9. SIZES AND TYPES OF DRILLING ANO SAM PUNG EQUIPMENT 10. SURFACE HfVATION AND CONDITlONS 

2 in., 5 ft. macrocore 

TYP£ OF LINER USED, IF APPLICABLE Gravel - Along the notthwe<tern portion of the Resea,ch and Development buHd,na foo!prn1! 

HOPE 

11. DIRECT READING PARAMETERS 12 DATE AND TIME STARTED 13. DATE AND TIME COMPLETED 

PIO/ TOTAL voes/ 11.7 EV/ MINIRAt 3000 4/7/lS 13:00 4/7/lS 13:10 

14. OVERBURO!:N Tli1CKN£SS 15. DEPTH GROUNDWATER ENCOUNTERED 

>10' " 16. DEPTH DRILLED INTO ROC~ 17. DEPTH TO WATER ANO ELAPSED TIME AFTER DRILLING COMPLETfD 

" " 18. TOTAL DEPTH OF HOLE 19. OTHER WATER lEVH MEASUREMENTS {SP!'CIFYI 

"' " 20. WELL INSTALLED> IF SO COMPLHf CONSTRUCTION DIAGRAM SAMPLE lYPf 

,o GRAB 

21 SAMPLE INTERVAL AND DESIGNATION fOR LA.a ANALYSIS I SAMPLE 11'1TERVAL AND DESIGNATION fOR FIHD SCRHNING ANALYSIS- SCRHNING ANALY~IS 

so,I sample, collected at Oto 2 feet below grade ISS·OS 0·21 and 6 to 8 fee\ 

below ~,ade (58-08 6·S) £very 2 feet (opp10x1mate) for voes w,th a PIO voe, 

22. DISPOSITION ff NOT A WELL, 6ACKFILlfD WITH 23 GEOtOGIST 

OF HOLE Cutting, Kathenne Chmtenser, 

uses IDEPTH 

ANALYTICAL I DfPTH RfCOVfRY 

DHCRIPTION OF MATERIALS DIRECT READING Id) SAMPLE DESIGN l~I % R[MARKS 

"°' 
I 

lOG (F11 Depth of 

l•I Joi 1,1 lppm) Readtng 1,1 l'I 1,1 
0-0.S' Tan coa,se SANO and gravel OS "' --------- S8·0S 0-2 lone 8 ai soil jar I, DUP·14 

O.S-4' Redandgray(LA,Y OJ ,. 75'/c 
No v,,voi evidence of s,mmng or 

odor observed 

··-- - -- - - - - - --- - -- -
4-5' t,ght brown med,~m·fme SAND u 4-6' 

$-7' l,gh! brown medwm-f,ne SAND 

I 
-------- - - --------- --

,. 6·8' SB-08 6-8 lone 8 m. ,o,! 1ar), 
No v1suai evidence of ,rammg o, 

7-8' Dark hrown fin~ SAND. moist MD/MSD·7 11JD% 
---- ---------- -- - - --------------- odor ob,erved 

8-10' Gray.brown loamy SAr.lD, saturated "' 8-11}' 

Bor~/,o/p term,noted ot 10/eer below grode ! - ' -
-
-
-
-
-
-

' -
' -
I -

-
-
-
- i 
-
-

-
-
-

-
-
-
-

I 
-
-

- I 
-

I -
PROJECT HOLE NO 

CRISTAL USA FACILITY SB-08 



HOU NUMBER 

OIL BORING LOG S8·09 

l. COMPANY NAM!: 2. DRILL SUBCONTRACTOR SHEET SHHTS 

URBAN GREEN ENVIRONMF.NTAl, LLC GSI Mid-Atlantic, In< 1 of 1 

3 PROJECT 

CRISTAL USA FACILITY 

7. NAME Of' DRILLER II. MANUFACTURER'S DESIGNATION OF DRILL 

Don Marchese GEOPROBE 78220T 

9. SIZES ANO TYPES OF DRILLING AND SAMPLING fQUIPMENT 10. SURFACE HEVATION AND CONDITIONS 

2 ;n. x Sh. macro<ore 

fn'Pf OF LINER USED, IF APPLICABLE A,p~alt Along the northern corner propeny boundary fence 

HOPE 

11. DIRECT READING PARAMEHRS 12. OAH ANO TIME STAR HO B DATE ANO TIME COMPLHfO 

PIO/ TOT Al VOCS / 11.7 EV/ MINIRAE 3000 4/7/15 13:15 4/7/15 13.30 

14. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED 

>15' w 
16 DEPTH DRILLED INTO ROCK 17. DEPTH TO WATER AND HAPSED TIME AFTER DRILLING COMPLETED 

" " 18. TOTAL DEPTH Of HOU 19. OTHER WATER LEVEi. MEASUREMENTS (SPECIFY) 

" " 20. WHL INSTALLW? IF SO COMPLETE CONSTRUCTION DIAGRAM SAMPLE TYPE 

'° GRAB 

b1. SAMPLE INT!'.RVAl ANO DESIGNATION mR LAB ANALYSIS ,tlSAMPlt INHRVAL ANO Df:SIGNATION fOR FIHO SCREENING ANALYSIS SCREENING ANALYSIS 

Soil .. mples collected at Oto 2 feet below grade (SB-09 0-2) and 8 to 10 feet 

e/ow rade (SB-09 B-101 Every 2 feet (approximate) for VOC, w,th a P!D voe, 
22. DISPOSITION IF NOT A WELL, BACHlllEO WITH 23. GEOLOGIST 

OFHOlE CuWngs Katherine Chnsiensen 

ANALYTICAL DEPTH RECOVERY 
osc, DEPT!-! DESCRIPTION OF MAHRIALS DIRECT READ/NG {d) SAMPLE DESiGN l~I % REMARKS 

co, l~I '°' Depth of 
la) IOI 1,1 (ppm) Read,n~ l•I l<I 1,1 

0-0S Asphalt 
···········• 

o, 0-2· 
SB-09 0-2 ione 8 oz. ,oil iar) 

05-2" ····• - ---- No ,nsuoi evidenu of <!<>ming or 
OA i-4· 75% 

odor observed 
2-5' Red and wh<te Cl.AV 

o., H 

'' Red dnd wh,te ClAY 

01 '' I No vi<uoi evidenc:e of <tmmng or 
50',(, 

6-10" t,ght brown fine SAND odor observed 
o., B-10 

SS-09 8·10 lone 8 oz. so;! jar) 

HH2 Ugh! brown f,ne SAND. wet. saturated 11 to 12 feet 
o.e 10-12' 

.... No v.,uo/ evidenr:e of <tmning or 

°' 12-14' 100% 
odor observed 11-14" Dark gray ClAY. wet 

' . 

14-15" Dark brown sandy CLAY. moist 00 l~-!S 

Borehole termmated al JS feet below grode 
-

-
-
-

- I 

-
-
-
---

-

-

-

-
-
- ' ' 
- I 

-
-
-

PROJECr HOlENO 

CRISTAL USA FACILITY SB-09 



SOIL BORING LOG 
l. COMPANY NAMf 

URBAN GREEN ENVIRONMENTAL, LlC 

3. PROJECT 

CR!STAL USA FAClllTY 

7 NAM( OF DRILUR 

Don Marchese 

9. SIZES AND TYPES Of ORllllNG AND SAMPLING EQUIPMENT 

2 in. x 5 ft. macroco,e 

2. DRILL SUBCONTRACTOR 

GSI M,d.Atlan!rt, Inc 

8. MANUFACTURER'S DESIGNATION OF DRILL 

GEOPROBf 78220T 

10. SURFACE ELEVATION AND CONDITIONS 

SHEH SHHTS 

1 of l 

T'IP£ OF LINER USED, IF APPLICABLE 

HOP£ 

Gravel· Railroad track spur along southwestern S'1e boundary 

11. DIRECT READING PARAMETERS 

PlO / TOTA[ voes/ 11.7 EV/ MINIRA[ 30D0 

14. OVERBURDEN TK1CKN£SS 

>15' 

12. DATE AND TIME STARTfD 

3/30/15 8·35 

15. DEPTH GROUNDWATER ENCOUNTERfD 

" 

13. OAT£ ANO TIM£ COMPLETED 

3/30/15 9:00 

16. DEPTH DR1ll£D INTO ROCK 

" 
17 DEPTH TO WAHR AND flAPSED TIM£ AFTrn DRILLING COMPlHED 

18. TOTAL DEPTH OF HOLE 

" 20. :Ell INSTAlLED' ( SO COMPLETE CONSTRUCTION DIAGRAM 

21. SAMPLt INTERVAL AND DESIGNATION FOR LAB ANALYSIS 

So;l ,amples collected at O lo 2 foet below grad" l~B-10 0-21 and B to 15 
eet below grade (SB-10 l3·1SJ 

22. DISPOSITION IF NOT A WELL BACKFlllfD WITH 

Of HOLE Cutt,ng, 

uses DEPTH DfSCf\lPTION OF MATERIALS 

LOG (FT) 

la) (bl 1,1 

19. OTHER WAHR L£VEL MEASUREMENTS (Sf>£C1FY) 

SAMPLE 1l'PE 

GRAB 

ISAMl'U'. INTERVAl AND DESIGNATION fOR FIELD SCRHNING ANALYSIS 

I Every 2 feet (approx,mate) forVOCs with a PID 

DIRfCT READING {d) 

voe Depth of 

(ppm) Read,ng 

23 GEOLOGlST 

ANALYTICAL 

SAMPLE DESIGN 

l•I 
Brown med,um-f1ne sandy ClAY and gravel 2.0 

. " " " " -'" _, """"""""" "" " " - -- -- --- . - ----.. --------·-----
Red and white CLAY 

'' Red CLAY 

S-S 5 Red ClAY 

5.5·6 White SAND 

6-10' Red anO wh,te CLAY 

Red, wh,le and brown morned CLAY, Mlle !MISt at base 

6-8' 

8-10' 

,.o J0-1:'' 

12·14' 

SB-10 0·2 {one 8 o,. sod Jar. two 4 

o, ,011 Jars and encores) 

SB-10 B-15 (one Bo, st,tlJaf, two 4 

o, soil jar, and encores! 
H·l5 

_ Borehole tNm,nated at J5 feet be/aw wade 

-
-
-

-
-
-
-
-
- I 
-

I -
-
-
-
-

-
-
-
-
-
-
-
-
- I 

PROJfCT KOlfNO 

CRISTAL USA FACILITY 

Katherine Christensen 

I 
DEPTH RECOVERY 

(FT) % 

10 "' 
75% 

75% 

100% 

SB-10 

SCREENING ANALYSIS 

voe, 

REMARKS 

No v15,;al evidence of ,raining or 

odor observed 

No visual evidence of staining or 

odor ob;erved 

Na ,1,;uof ev,rience of >taming or 

ador observed 



HOlE NUMBER 

is01t BORING LOG SB·ll 
1. COMPANY NAME 2. DRILL SUBCONTRACTOR SHffT SHEETS 

URBAN GRHN ENVIRONMENTAL, lLC GS! M,d-Atlan!,c, Inc 1 of 1 
3 PROJECT 

CRISTAL USA FACllITT 

7. NAME Of DRILlfR 8. MANUFACTURER'S DESIGNATION Of DRILL 
Don Marchese GEOPROBE 7822DT 

9. SIZES AND TYPES OF DRILLING AND SAMPLING EQUIPMENT 10. SURFACE ELEVATION AND CONDITIONS 
2 in., 5 fl. macrocore 

TYPE OF LINER usrn, IF APPLICABLE Gravel - Between ra,lroad !rack and ;put tn not!hwestern portion of the ptope,iy 

HOPE 
11. DIRECT READING PARAMETERS H. DATE ANO TIME STARTED 13 DATE AND TIME COMPLETED 

PIO/ TOTAL VOCS / 11.7 EV/ MINIRAE 3000 3f31/15 S:10 3/31/lS 9.30 
14. OVERBURDEN THICKNESS IS. DEPTH GROUNDWATER ENCOUNTERW 

>IS' " 16. DEPTH ORILlED INTO ROCK 17. DEPTH TO WATHI ANO HAP SEO TIME AFTER DRILLING COMPLETED 

" " 18. TOTAL DEPTH OF HOLE 19. OTHER WAHR LEVEL MEASUREMENTS (SPECIFY) 

" " '" WHL INSTALLED' IF SO COMPLETE CONSTRUCTION DIAGRAM SAMPLE TYPE 

'° CMS 

21. SAMPLE INTERVAL AND DESIGNATION fOR LAS ANALYSIS I SAMPLE INTERVAL AND DESIGNATION F'OR FIELD SCREENING ANALYSIS- SCREENING ANALYSIS 

Soil samples collected al O lo 2 feet below grade (5!1-11 0·21 and 13 to 15 

feet below erade (SB·ll 13·151 Every 2 feet (approx,mate) for VO Cs w,th a PID voe, 
22. DISPOSITION IF NOT A Wfll, SACKFlllEO WITH 23 GEOLOGIST 
OF HOLE Cuttings Katherine Christensen 

ANAlYTICAl DtPTH R!'COV£RY 

uses DEPTH DESCRIPTION OF MATERIALS DIRECT READING Id) SAMPLE DESIGN (IT( % RE"MARKS 

WC (IT( soc Depth of 
lai l'I 1,1 (ppm) Read,ne l•I 10 1,1 

0-0S Red-brown sandy CLAY u 0-2' 
SB-110-llone8o,.,o,1Jar.two4 I .. --·------

0.5-4' 
o,. sml 1ars and encore,) No vrsuo/ evidence of stammg or 

Red and white CLAY u 2-4' 60% 
odor observed 

4-5' Ught gr~y CLAY rn 4-6' 

'" '' 5-IG Red, brown and purple CLAY 1{)0)'( 
No vi,ua/ ev,dettce of siommg or 

odor observed 

" 8-lD' 

" 10-12 

10-15' Red, brown and purple CLAY 

" 12-H 100\'i, 
No visual evidence of ,rnmmg or 

SB-1113-lS lone 8 oi. ,oil Jar, !wo 4 odor obwrved 

o, ;o,11ars and e~cores) 

"' 14-15 

Borehole urmmoted ot 15 feet belowgrode -
-
-
-
- i -

I -

-
-
-

-
-
-
-
-
-
- I - I 
-

-
-
-

-
-
-

PROJfCT: HOU NO 

CRISTAL USA FACILITY SB·ll 



OIL BORING LOG 

IHOLE NUMBER 
SB·U 

l. COMPANY NAME 2 DRILL SUBCONTRACWR SHEET SHEETS 

URBANGRHN tNVIRONMfNTAL, llC GSI M1d-Atlantk, Inc ' 
,, 

' 3. PROJECT 
CRIST Al USA FACILITY 

NAME OF DRILLER 8. MANUFACTURER'S DESIGNATION OF DRILL 

Don Marchese GEOPROBE 7822DT 

9 Sil.ES AND TYPES OF DRILLING AND SAMPLING l'OUIPMENT 10. SURFACE ElEVATION AND CONDITIONS 

2 in., s tt. macrocore 

tn'PE OF LINER USED, IF APPUCABLf Gravel Rail to.id trad, spur along the westem portion of the Warehouse 

HOPE 
11. DIRECT READING PARAMtTERS ll. DATE AND TIME STARTED 13. DATE AND TIME COMPLfHO 

PID /TOT Al voes/ 11.7 f.V / MINIRAE 3000 3/31/15 8:40 l,/31/15 9:05 

14. OVERBURDEN THICKNESS 15 DEPTH GROUNDWATER ENCOUNTERED 

~is· " 16 DEPTH DRlllEO INTO ROCK 17. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETfD 

" " 18. TOTAl DEPTH Of HOLE 1!1. OTHER WATER LEVEL MEASUREMENTS (SPECll'Y) 
,s· " 20. WE'll lNSTALlfD> IIF so COMPlfH CONSTRUCTION DIAGRAM SAMPLE TYPE 

" GRAB 

21. SAM PL[ INTERVAL ANO DESIGNATION FOR lAB ANALYSIS !SAMPLE INTERVAL AND DESIGNATION FOR FIHO SCREENING ANALYSIS- SCREENING ANALYSIS 

Soil samples collected at Oto 2 foe! below grade (SB-li 0-21 and 13 to 15 
feet below grade (SB-12 13-15\ Every 2 feet (approximate) fo, VOCs w,th a PID voe, 
22. DISPOSITION IF NOT A WELL MCKFILLED WITH 23. GEOLOGIST 

OF HOtE Cuttings Katherme Christensen 

ANALYTICAL DEPTH RECOVERY 

uses DEPTH DESCRIPTION OF MAHRIALS DIRECT READING (d) SAMPLE DESIGN IITI % REMARKS 

ICC ,~, soc Depth of ,,, 
'" 

,,, (ppm) Read,n• lei "' 
,,, 

0-0.5' Brnw/1 coarse SANO and gtavel u 0-2' -- -- ----------' .. ---- -- --- ----.------- ----- SB-12 0-2 {one 8 o,. soil Jar, two 4 
o, se>I Jars and encores) No vi,ua/ ev1denc~ of ,tam mg o, 

" " 
50% 

odor ob;erved 0.58 Red and brown ClAY 

'' 4-6' ' 
u ,., 

No v1S<ml Pv1denre of ,tmn,ng or 
5-10' Red. brown and purple CLAY 100% 

odor observed 

'' 8-10' 

u J0.-12' I 

I 
10-14' Hed, brown and purple CLAY 

100% 
No v,sval evidence oj s!mnmg o, 

u 12-14' odor ob,erved SB·12 B-15 (one 8 o,. soil Ja<. two 4 

··-·· -- -- --------- - - o,. so,I Jars and encores) 
14-15' L,ght brown CLAY " 14-15' 

Bore ho/~ rerm,narcd 01 JS fee, below wade -
- i 
-
-

-
-
-
- ! -
-

-
I -

-
-
-
-
-
-
-

-
- i 

-
-
-
-

PROJECT HOlENO 

CRISTAL USA FACILITY SB-12 



Oll BORING LOG 
1. COMPANY NAME 

URBAN GREEN ENVIRONMENTAL, llC 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF ORllLER 

Do~ Ma,chese 

9. SIZES ANO n'PES OF DRILLING AND SAMPLING EQUIPMENT 

2 in. x 5 ft. macroco,e 

frvPE OF LINER USED. IF APPLICABLE 

HOPE 

11 DIRECT READING PARAMETERS: 

PIO/ TOTAL VOCS / 11 7 EV/ MINIRAE 3000 

14. OVERBURDEN THICKNESS 

~1s' 

16. DEPTH DRILLED INTO ROCK 

" 18 TOTAL DEPTH Of HOLE 

ff 
10. WEll lNSTALLfD? If SO COMPLETE CONSTRUCTION DIAGRAM 

" 21 SAMPLE INTERVAL AND DES!GNATION FOi\ LAB ANALYSIS 

Soil samples collected at l to 3 feN below grade (SB-13 1-31 and 13 to 15 

feet below grade ISB-13 13-15] 

ll. DISPOSITION If NOT A WHL, BACKFIUEO WITH 

OF HOLE 

uses DEPTH 

LOG IFTJ 

{al lb) 

0-1' 

1-3' 

3-4.5' 

4.5-5' 

,_, 

Cuttings 

DfSCR:PTION OF MATERIALS 

1,1 
Gravel 

Brown sandy CLAY 

Brown CLAY 

light brown med,um-f1ne SAND 

Ught brown rned1urn-f,ne SAND 

18-8.5' Red medium !me SANO 

PROJECT 

:85-9:~---
9.5-10 

10-15' 

Red and brnwn sandy CLAY 

Red CLAY 

Red, wh,te and purple CLAY 

_ Borehole terminated at 15 feer below grode 

-
-
-

-

-

-
-

-

-
-

-

-
-
-

-

-
-
-

CRISTAL USA FACILITY 

2. OR.Ill SUBCONTRACTOR 

GSI Mid-Atlant,t, Int 

HOLE NUMBER. 

8. MANUFACTURER'S DESIGNATION OF ORlll 

GEOPROBE 7B2lDT 

10. SURFACE ELEVATION AND CONDITIONS 

SB-13 

SHHT SHEETS 

1 of 1 

Gravel Ra,lroad tracks along the <outhem portion of the Warehouse 

12. DATE AND TIME STARTED 

4/10/15 10,ss 
1S DEPTH GROUNDWATER ENCOUNTERED 

" 

13. DATE AND TIME COMPLETED 

4/10/15 11:15 

17. DEPTH TO WATER AND ELAPSED TIME AFTER DR I LUNG COMPLH£D 

" 19. OTHER WATER LEVEL MEASUREMENTS ISPECIFYI 

" SAMPLE TYPE; 
GRAB 

I 
SAMPLE INTERVAL AND DESIGNATION FOR FIElO SCREENING ANALYSIS 

Every 2 feet (approx,mate) for VO Cs wjth a PID 

DIRtCT READING {d) 

voe Depth of 
{ppm! lleadin-

o.o 0-2' 

"' 
0.0 4-6' 

0.0 6-8' 

8-10' 

ll-14 

'' 14-15 

HOLE NO 

23. GEOLOGIST 

ANAlYflCAl 

SAMPLE DESIGN. 

SB-13 1-3 lone 8 oz. soil J'"· two 4 

o,. soil jars and encorns) 

SB-13 13·15 lone 8 OZ, SOIi JM, three 

~ o,. ,o,i 1ars and encores! 

Kather;ne Chdstensen 

DEPTH RECOVERY 

(FT) % 

l'I 1,1 

50% 

75% 

100% 

58-13 

SCREENING ANALYSIS 

voe, 

REMARKS 

No wwol evrdMce of <tom,ng or 

odor ob,erwd 

No aisuol evrdettce of <tamwg or 

odor observed 

No vrwal ev,dence o/ ,rrnn1n9 or 

odor observed 



~Oil BORING lOG 
1. COMPANY NAME 

URBAN GREEN ENVIRONMENTAL, llC 

3 PROJfCT 
CRISTAL USA FACILITY 

7. NAME OF DRILLER 
Don Marchese 

9. SIZES AND TIPES or DRILUNG AND SAMPLING EQUIPMENT 

2 an.• 5 ft. macrocore 

2. DRILL SUBCONTRACTOR 
GSI Mtd·Atlantic, Inc 

HOLE NUMBER 

8. MANUFACTURER'S DESIGNATION Of DR!lt 

GEOPRO!.lf78l2DT 

10. SURFACE HEVATION AND CONDITIONS 

SB-14 
SHEET SHUTS 

l of 1 

TYPE Of LINER USED, If APPLICABLE 

HDPE 

Gravel Railroad trach near the southea,tern portion of the Warehouse 

11. DIRECT REA.DING PARAMETERS· 
PIO/ TOT Al voes/ 11.7 EV/ MINIRAf 3000 

14. OVERBURDEN THICKNESS 
>10' 

12. DATE ANO TIME STARTED 

4/10/15 10:30 

15. DEPTH GROUNDWATER ENCOUNHREO 

;' 

13. DATE ANO TIME COMPLETED 

4/10/15 10.50 

16 DEPTH DRILLED INTO ROCK 

" 
17. DEPTH TO WATER AND ELAPS£0 TIME AFTER DRll.LING COMPLETED 

18. TOTAL DEPTH Of HOU: 

" 20. :ill INSTAILEO' ( SO COMPlfTE CONSTRUCTION DIAGRAM 

19. OTHER WATER LEVEL MEASURfMfNTS ISPECIFY) 

" SAMPLE TYPE 
GRAS n· SAMPLE INT£RVAlAND DESIGNATION FOR LAB ANALYSIS ISAMPll lNTERVAl AND DESIGNATION FOR FIELD SC. REENING ANAlYS1,. 

So,I samples collected at (I !o 2 foot below grade ISB-14 0-2) and 4 to 6 foe! 
below g,ade lSB-14 4-6) Every 2 feet (appro~,mat<') for VOCs w,th a PIO 

22, DISPOSITION If NOT A WHL, f.lACKFILlEO WITH 23, GEOLOGIST 
OFHOLf 

uses IDEPTH 

LOG (Ff) 

lal {b) 

OS 

6-10' 

Cutung, 

DESCRIPTION N MATERIALS 

r,r 

Fill (l>ght brown coarse SAND and gravel, white pa1nt-l1ke substance 
throughout) 

- ----- -- ----------

Brown '°"dy CLAY, we1, mo»t 8 to 10 teet 

DIRECT READING id) 

voe Depth ol 
(ppm) Reading 

0.0 4-6' 

0) 6-8' 

°' 8-10 

_ Borehoi~ termlllatedol 10feet be!ow grade 

-
-
-

-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-

PROJECT HOU NO 

CRISTAL USA FACILITY 

ANAlYrlCAl 

SAMPLE DESIGN 

,,, 
SB·140-2{one8o> ,o,IJar,two4 

o,. soil Jars and encore,) 

SB-l44-6(one8oz soiljar,lwo4 
o, soil Jars and encore•! 

Ka!herjne Chtis!ensen 

DEPTH RtCOVERY 

(FT) % 

Ill {g) 

50% 

75')'. 

S8·14 

SCREENING ANALYSIS 

voe, 

REMARKS 

No v,,uo/ evidence of swmmg or 

odor observed 

Ne v1rnai ev,dence of <to1mn9 or 

odor observed 



HOLE NUMBER 
SOIL SORING LOG SB-15 
1. COMl'ANY NAME 2. DRlll SUBCONTRACTOR SHEET SHffTS 

URBAN GREEN ENVIRONMENT At, LL( GSI M•d·At!ant,c, Inc 1 of 1 
3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 8. MANUFACTURER'S D!'SIGNATION OF DRILL 

Don Marchese GEOPROBE 781WT 
9. SIZES AND n'PESOF D/IILUNG AND SAM PUNG fQUIPMENT 10. SURFACE ELEVATION ANO CONDITIONS 

2 in., 5 ft. macrocore 

TYP!' OF LINER USED, If APPllCABLf Gravel Railroad tracks near Kem or a boundary 

HOPE 

11 DIRECT READING PARAMHERS: 12 OATEANDTIME STARTED 13. DAT£ AND TIME COMPLETED 
PIO/ TOTAL voes/ 11.7 EV/ MINlflAE 3000 4/10/15 9;25 4/10/15 9:50 

14 OVERBURDEN THICKNESS 1S DEPTH GROUNDWATER ENCOUNTERED 
~1s· " 16. DEPTH DRILLED INTO ROCK 17. DEPTl-l TO WATER AND HAPSED T!ME AFTER DRILLING COMPlETED 

" " 18. TOTAL DEPTH OF HOLE 19. OTfifR WATER LEVEL MEASUREMENTS {SPEC'FY! 
,s· 

" 20. WElL INSTAtLEDl If 50 COMPLETE CONSTRUCTION DIAGRAM SAMPLE TYPE· 

"° GMS 

21 SAMPLE INTERVAL AND DESIGNATION FOR lA8 ANALYSIS . !SAMPLE INTERVAL AND Df5!GNATION FOR FIHO 5CRHN!NG ANALYSIS SCREENING ANALYSIS 

So,1 samµles collected at Oto 2 feet below grade (SB-15 0-21 and 13 lo 15 

foet below grade [SB-15 13-15) Every 2 feet (approximate) for VOCs with a PID voes 

n. DISPOsmoN IF NOT A WELL, BACKFILLED WITH B.GWLOGIST 
OF HOLE (uttm~s Kathe.,ne Chnstensen 

ANALYTICAL DtPTH RECOVERY 
uses DEPTH DESCRIPTION O!' MATERIALS DIRECT ~EADING lcll SAMPLE DHIGN "" % REMARKS 

WG IFCI COi Depth of ,,, ibl ,,, (pprnl Reading ,,, 
'" '" 0-2' Dark brown coarse SAND and gravel 

o., 0-2' 
5B-15 0-2 lone 8 01. soil Jar, three 4 

- ---- ---- ' - -- --- o,, soil Jars and encores) No ·Muoi evidence of ,taming or 2-3' Red and brown CLAY o., 2-4' ,~ 
- ------- odor observed 

3-3.5' Tan f,ne SAND 

'ISS Red and brown CLAY o., '' 
o., '" 5-10 Red and wha1e (lAY 75% 

No •Muoi ev,dence of statning or 

odor ab,erved 
o, 8-10 

o, 10-12 

10-15' Red, brnwn and whae CLAY 

" 12 14' 100% 
No visual evidence of srammg or 

oda, ob,erved 

S8-15 B-1S \one 8 ol srnl Jar, two 4 

" 14-15' oi so1I J"" and encores), DUP-19 

Borehole termmored at 1S feet below grade 

-

-
-

' 
-
---

-
-
-

-

-

-
-
-
---

-

-

-
-

-

-
-

PROJECT HOL!' NO. 

CRISTAL USA FACILITY SB-15 



SOil BORING LOG 
l. COMPANY NAME 

URBAN GREEN ENVIRONMENTAL, (lC 

3. PROJECT 
CRISTAL USA FACILITY 

7. NAME Of DRILLER 
Don Marchese 

S. 512£5 AND TYPES OF DRILLING AND SAMPLING !:QUIPMENT 
2 on. x S fl. mac,ornre 

2 DRILL SUBCONTRACTOR 
G51 M,d-A!lannt, Int 

IKOlE NUMBER 

8. MANUFACTURER'S DESIGNATION OF DRILL 
GEOPROBE 7822DT 

10. SURFACE ELEVATION AND CONDIT!ONS 

SB-16 
SHEET 5HHTS 

1 of 1 

TWE OF LINER USED, IF APPLICABlf 

HOP£ 

Asphalt - Small parking lot along the southwestern portmn ol the Re<eatch and Development bwlding footprint 

11. DIRECT READING PARAMETERS. 
PIO /TOTAL voe,/ 11.7 EV/ MINIRAE 3000 

14 OVERBURDEN THICKNESS 
>10' 

12. DATE AND TIME STARTto 
4/7/15 12:20 

1S. DEPTH GROUNDWAHR ENCOUNTERED 

e 

13. DAT£ AND TIME COMPLCTED 

4/7/15 12.30 

16. DEPTH DRILLED INTO ROCK 

" 
17. DEPTH TO WATER AND ElAPS[D TIME AFTER DRllllNG COMPLETED 

18. TOTAL DEPTH OF HOtE 

rn 
20. :ELL INSTAllED' IIF so COMPLETE CONSTRUCTION DIAGRAM 

19. OTHER WATER LEVEL MEASUREMENTS fSPEClfY) 

SAMPLE TYPE 

GRAS 

21: SAMPLE INTERVAL AND DESIGNATION FOR LAB ANALYSIS !SAMPLE ltlTERVAl AND DESIGNATION FOR FIELD SC. REENING AN Al YS15. 

So,! sample, collected at Oto 2 fee! below grade (S8·16 0·21 and 7 to 9 fee! 
below ~,ade (SB-16 7-9) Every 2 feet (approx,mate) for VOCs with a PIO 

22. D!SPOSITION IF NOT A WHl, BACKFILLED WITH 23. GfOLOGIST 
OF HOLE Cut!tngs 

ANALYTICAL 

DIRECT READING Id) SAMPl!: DESIGN 

"' Depth ol 

US(S IDEPTK 

LOG {FT) 

DESCRIPTION OF MATERIALS 

la) lbl {c{ (ppm) Readme le) 

0, ,., 
SB-16 0-2 (one 8 o,. so,I Jar) 

Q.5-4 Red and brown transitioning to brown CLAY 0.0 2-4' 

....... 
4,5' Brown med,um-fme SAND cs 4-6' 

5-T Tan fine SAND 
O.C 6-8' 

.. 

,., 8·10' 
SB-16 7-9 {one 8 oz. soil jar) 

7-10' Light brown fine ;AND. moJSt. wet 9 rn 10 foet 

Borehole term.noted o! 10/en l>eiow g1ode -
-
-
-

-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-

PROJECT KOLE NO 

CRISTAL USA FACILITY 

Ka!her,ne Ch,,s!ensen 

DtPTH RtCOVERV 

lFT) % 

(f) {g) 

100% 

SB-16 

SCREENING ANALYSIS 

VOC• 

REMARKS 

No ws~al evidence of 5'oining or 

odor ob;uvPd 

Na v,rnal evidence o/ <!0J111ng or 

odor observed 



OIL BORING LOG 
l. COMPANY NAME 

URIIAN GRHN !'NVIRONMENTAL, llC 
3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 

OonMar<hese 

9. SIZES AND TYPES Of DRILLING AND SAMPLING EQUIPMENT 

2 h x 5 ft. macrocore 

TYPE OF LINER USfD, If APPLICABLE 

HOPE 

11. OIRtCT READING PARAMETERS 

PIO /TOTAL VOCS / 11.7 EV/ MINIRAE 3000 

14. 0VERBURD£N TI-HCKNESS 

>1S' 
16 DEPTH DRILLED INTO ROCK 

" 18. TOTAL DEPTH OF HOLE 

,; 

20. :LL INSTALLED' ( SO COMPLETE CONSTRUCTION DIAGRAM 

2 DRILL SUBCONTRACTOR 

GSI Mid·A11anfa, Inc 

HOU NUMBER 

8. MANUFACTURER'S DESIGNATION OF OR!Ll 

GEOPROIIE 78220T 

10. SURFACE ELEVATION ANO CONDITIONS 

S8·17 

Grass Along the no,theastetn properly boundary fence 

SHHT 

ll. DATE ANO TIME STARTED 

4/7/1511:55 

13 DATE AND TIME COMPLEHD 

4/7/1512:15 
1S DEPTH GROUNDWATER ENCOUNTERED ,, 
17. DEPTH TO WATER AND HAPS ED TIME AFTER DRILLING COMPLETED 

" 19. OTHER WATER LEVEL MEASUREMENTS {SPECIFY) 

SAMPlE TYP!' 
GRAB 

5HEH5 

l of 1 

21: SAMPlE INTERVAL ANO DESIGNATION fOR LAI! ANALYSIS 1'5AMPlE 11/TERVAl AND DESIGNATION FOR FIHD SC.RHNING ANALYSIS, 

So,! samples rnllec!ed at Ota 2 feet below grade {58-17 0-2) and 7 to 9 feet 

below grade (S8·17 7·9) Every 2 feet (approx,mate) for VO Cs with a PIO 

SCREENING ANALYSIS 

voe, 
22. DISPOSITION ff NOT A WELL, BACKFllLED WITH 23. GEOLOGIST 

OF HOLE 

uses DEPTH 

IOG !Fr) 

(•I !bl 

PROJECT 

0-1' 

4.5· 

7-9' 

10-12' 

' 

Cuttmgs 

DESCRIPTION OF MATrnlALS 

1,1 
Brown sandy CLAY 

Red and brown CLAY 

.... 

fan fme SAND 

Tan fme SAND 

Brown sandy CLAY and gravel 

light brawn med,um fine SANO, wr,t 

light brown medoum-fme SANO, saturated 

' 
lr&h! gtay r,ne SAND, saturated 

_ Borehole lNmmoted at 15 fee( below grade 

-
-
-

-
-
-

-
-
-

-
-
-
-
-
-

-
-
-

-
-
-

-
-
-

CRISTAL USA FACILITY 

ANALYTICAL 

DIRECT READING (di SAMPLE DESIGN 

,o, Depth of 
(ppm) Read in• "' 
" 

,,, 
)1!·17 0·2 {one I! o,. so,1 Jar) 

2.1 i.4· 

., .. 

'' 4-6' 

'' '' ' 

SB-17 7-9 (one 8 o,. ,oil 1ar) 
u a.10 

'" 10-12 

u 12-H 

'' 14-15 

HOLE NO 

Kathenne Chnstensen 

DEPTH RECOVERY 

(Fri % 

l'J I<} 

75:Yo 

SO% 

50% 

SB-17 

REMARKS 

No visual ev1dMce of <Wmmg or 

odor observed 

No VJ<uo/ ewdence of stommg or 

odor observed 

No v1<110/ ev,dence of sto1mn9 or 

odor ob,erved 



lso1L BORING LOG 

!HOLE NUMSER 
SB-18 

1. COMPANY NAME 2 DRILL SUBCONTRACTOR SHEET SHUTS 

URBAN GRUN ENVIRONMENTAL, LLC G51 M,d-AUannc, Inc ' 
,, 

' 3. PROJECT 

CRISTAL USA FACIUTY 

7. NAME OF DRILLER 8. MANUFACTURER'S DESIGNATION OF DRILL 

Don March.,,e GEOPROBt 78220T 

S. S!ZES AND TYPES Of DRILLING AND SAMPLING fQUIPMENT 10. SURFACE ELEVATION AND CONDITIONS 

2 h x 5 h. macrou>te 

TYPE OF LINER USE0, IF APPL!CABlf Gtavel Railroad t,ad spur along southwestern s,te boundary 

HOPE 

11. DIR!'CT READING PARAMETERS 12. DATE AND TIME STARTED 13. DATE AND TIM[ COMPLETED 

PIO /TOTAL voes/ 11.7 fV / MINIRAE '!000 3/30/15 s-10 3/3D/lS 9.30 

14. OV(RBURD!:N THICKNESS 15. DEPTH GROUNDWATER ENCOUNTtREO 

>15' " 16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPlHEO 

" " 18. TOTAL DEPTH Of HOLE 19 OTHER WATER LEVEL MEASUREMENT51SHCIFYJ 

,s' "' 20. WHL INSTALLED' ( SO COMPLETE CONSTRUCTION DIAGRAM SAMPLE TYPE 

,o '"" 21. SAMPU' INTERVAL ANO DfSIGNATION .OR !.AB ANALYSIS 15AMPlt INHRVAt AND DESIGNATION FOR FIELD SCREENING ANALYSIS SCRHNING ANALYSIS 

Soil ,ampl.,, collected a! 0 to 2 feel below grade (SB-18 0-2) and 13 to 15 

eet below erade (SB-18 13-15) Every 2 feet {appto~,mate) for VOCs w,th a PIO voe, 
22. DISPOSITION IF NOT A WELL, BACKflLLED WITH 23. GEOLOGIST 

OF HOLE Cutting; Ka!henne Chmtensen 

uses !DEPTH 

ANALYTICAL DtPTH RECOVERY 

DlSCRIPTION OF MATERIAtS DIRECT READING {di SAMPLE DESIGN (Fl"( % REMARKS 

LOG (FT) "' Depth of 

l•I (b( (<( {ppm) Reading le( '" 1,1 

,, Brown rnat<e SAND and gra,el 
,., M 

SB-1B0-2(one8o,.soi1Ja,,two4 I 

----- -- -- - ----- - o,. so,I jars and encores) I No v1,uo/ evidence of ,tornmg or 
1.l ,_, SO% 

odor ob;uved 
2-5' Red and white CLAY, mOLS! ' i 

" 4-6' 

" 6-8' 
No Vi>uo/ evidence of ,tmnmg or 

5-10 Red and wh,te mouled Ct.AV JO();,:', 

I odor observed 

'" 8-10 

' 
u 10-12' 

10-15' RedandwhneClAY 100% 
No v1<uo! evidence of ,!mnmg '" 

'" 12-14' odor ob,erved 5B-18l3-1S{one8o, sml1ar,two4 

o,. ;o,I Jars and encores) 

u 14-15' 

Bor~hole !erm,noted or 15feet below grade - ' -
-
-
-
-

' -

-
-
-
-
-
- : 

' -
-
-

-
-
-
-
-
-

-
-
-

PROJfCT HOLE NO 

CRISTAL USA FACILITY SS-18 



SOil BORiNG LOG 
1. COMPANY NAME 

URBAN GREEN ENVIRONMENTAL, llC 
3. PROJECT 

CRISTAL USA FACIWY 

7. NAM!' Of DRILLER 
Don Marchese 

9. SIZES AND TYPES Of DRllllNG ANO SAMPLING EQUIPMENT 

2 m. x 5 fl. mac roe ore 
h-vn OF LINER USED, IF APPUCABLE 

HOP£ 

11. DIRECT READING PARAMETERS 

PIO/ TOTAL VOCS / 11.7 EV/ MINIRAE 31JIJQ 

14 OVERBURDEN THICKNESS 
~1s· 

16. DEPTH ORlllEO INTO ROCK 

" 18 TOTAL DEPTH OF HOLE 

ff 
21J. WHl INSTALLED' IF SO COMPLETE CONSTRUCTION DIAGRAM 

YfS, TEMPORARY 

2. DRILL SUBCONTMCTOR 
GSI Mid-Atlant,c, In< 

HOlf NUMBf.R 

B. MANUFACTURER'S DESIGNATION OF DRILL 

GEOPROBE 7822DT 
10. SURFACE ELEVATION AND CONDITIONS 

SB-19 

l 
SHEET SHEETS 

1 of 1 

Gravel - Sou!h of pr,or Air Comp,,,;;or building and near potential diesel underground s!orage tank 

12. DATE AND TIME STARTED 

3/30/15 12:20 
1S. DEPTfl GROUNDWATER ENCOUNTERED 

U' 

13 DAH AND TIME COMPLEHO 

3/30/15 12.40 

17. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPltTEO 

" 19. OTHER WATER LEVEL MEASUREMfNTS jSPfCIFY) 

" SAMPLt TYPE 

GRAB 
21. SAMPLE INTERVAL ANO OfSIGNATION FOR LAB ANALYSIS 

Soil samples <Oliected at Oto 2 Jee! below grade (SB-19 0·2i and 10 to 12 
lee! below grade {SB-19 llJ-12) I

SAMPlE l~TERVAl AND DESIGNATION FOR FIELD SCREENING ANALYSIS. 

Every 2 feet {approximate) for voes wrth a PIO 

SCREENING ANALYSIS 

voes 
22. DISPOSITION If NOT A WEll. f!ACK!'lll[O WITH 
OF HOLE 

uses DEPTH 

LOG (FT) 

ja) (b) 

PROJECT 

IJ-0.5' 

O.S-1' 

1-5' 

'' 
8 10' 

10-15' 

Curnng; 

DESCRIPTION OF MATERIALS 

,,, 
Brawn sandy (LAV and gravel 

~-":d_ san~v_C,l~~ ,,,,t~-~·~H~ ;r_a~el 

Red and brown CLAY 

Red and b;own CcAY 

Gray hne sandy ClAY, moist 

Dar~ €'"Y and hr own CLAY, we! 12 !o 13 feet, moist U-1S f~et 

- ::;:::~;~;~::::~:!r7;::e~.~:~r~~~::t:;~::::::~~~~;e
0

:: of co,mg to 
- ground surface 
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

CRISTAL USA FACILITY 

01/!!;CT RtADING ld) 

VO( Depth of 

(ppm) Read in• 

'' 
o., 

4-6' 

6-8' 

8-lD 

" 10.12' 

14-ts· 

HOLE NO. 

23. GEOLOGIST 

ANALYTICAL 
SAMPLE DESIGN 

!•I 

56-19 0-2 {one 8 oz. soi! jar, three 4 

oz. ,ml 1ar, and encores) 

SB-19 10-U lone 8 o, ,o;IJar, 1wo4 
o, so,I Jars and er,cores) 

Katherine ch,;siensen 

DEPTH RtCOVERY 
(FT) % 

,,, ,,, 

75% 

~0% 

100% 

SB·19 

REMARKS 

No vtrno/ evidence of st"'mng or 
odor observed 

No 111rno/ e11,dence of stommg or 

odor observed 

No w<vo/ ewdence of s/ammg o, 

odor observed 



SOil BORING WG 
1. COMPANY NAME 

URBAN GREEN ENVIRONMENTAL, LlC 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 

Don Marchese 

9. SIZES AND TYPES OF DRILUNG AND SAMPLING EQUIPMENT 

2 in., 5 It. maicrocore 

2. DRILL SUBCONTRACTOR 

GSI Mid-Atlant,c, Int 

HOLE NUMBER 

8. MANUFACTURER"S DESIGNATION OF DRILL 

GEOf>ROBE 7822DT 

10 SURFACE ELEVATION AND CONDITIONS 

SB-20 
SHHT SHEfTS 

1 of l 

TYPE Of LINER USED, IF APPLICABLE 

HOPE 

Gravel· East of Elecltltal and lnmument Shop and near rnrren! underground storage tank vent and fill port 

11. DIRECT READING PARAMETERS 

PIO/ TOTAL voes/ 11.7 tv / M!NlRAf 3000 

14 OVERBURDEN THICKNESS 

~1s· 

12. DATE AND TIME STARTED 

3/30/15 12 S5 
1S. DEPTH GROUNDWATER ENCOUNTERED 

n 

13. DATf ANO TIME COMPLETED 

3/30/IS 13.20 

16. DEPTH DRILLED INTO ROCK 

" 
17 DEPTH TO WATER AND ELAPSED TIME AfTfR DRILLING COMPLETED 

18. TOTAL DEPTH O!' HOLE 

,s 
19 OTHER WATER LEVEL MEASUREMENTS ISPECIFYI 

SAMPlfTYP!c· 

'"'" 21. SAMPLE INTERVAL AND DESIGNATION FOR LAB ANALYSIS I SAMPLE !!.TERVAL AND DESIGNATION FOR FIELD SCREENING ANALYSIS 

Soil samples collec!ed at Oto 2 feet below grade ISB·20 0.2) and 9 to 11 foet1 
below •rade {SB-20 9-11) I £very 2 foe! {approximate) for VOG with a PIO 

22. D1SP051Tl0N If NOT A WELL, BACKFILLED WITH 23. GEOtOGIST 

Of'KOll Cumng, 

uses 1~EPTH 
LOG {fTI 

DESCRIPTION Of MATERIALS 

{a) lb) ,,, 
0·0.5' 
------

0 5-5" Re<! and brown CLAY 

5-10 Red and white CLAY nanrn,on,ng ,nto log kt tan and red ClAY 

TanClAY 

Jl-14' Brnwo medium-fine SAND. saturated 

' 14-lS' Red ClAY 

Borehole rnmmoted ot 15 feet below gr ode, placed temporo1y 

- groundwater mon1tor;n9 wp// with 10 fee, of screen and Sfeet of rosmg to 

- ground surface 

-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

PROJECT 

CRISTAL USA FACILITY 

DIRECT HEADING (d) 

voe Depth ot 

I ppm) Reading 

LS 

6-8' 

u 8-10' 

10-12 

12-H' 

14·lS' 

HOlf NO 

ANALYTICAL 

SAMPLE DESIGN 

SB-20 0·2 lone 8 o:. <oil jar, two 4 

o,. soil Jaf< and encores) 

SB-20 9-11 lone 8 o,. soil Jar, two 4 

o, ,o;I jar; and encores) 

Katherine Chnstensen 

DEPTH RECOVERY 

IFTl % 

(f) (g) 

50% 

75% 

90% 

I 

SB-20 

SCREENING ANALYSIS 

voe, 

REMARKS 

No visual evidence of stmmng or 

odor observed 

No visual evidence of <ro,mng or 

odor observed 

No ,,,wol ev,dencE of <101mng or 

odor ob<erved 



HOLE NUMBER 
Oll BORING LOG SB·ll 

1. COMPANY NAM£ 

URBAN GREEN ENV1RONMENTAL, LLC 
2. ORlll SUBCONTRACTOR 
GS! M,d-Atlanlic, !nc 

SHEET SHEETS 

l of 1 
3. PROJECT 

CRISTAL USA FAC!LITY 

7. NAME OF DRILLER 

Don Marchese 

9. SIZES ANO TVPH Of DRILLING AND SAMPLING EQUIPMENT 
2 m. • 5 ft. macrornre 

1YPE Of UNER usrn, If AP PUCA BU' 

HOPE 

11. DIRECT READING PARAMETERS 

PIO/ TOTAL voes/ 11 7 fV / MINIRAE 3000 

14. OVERBURDEN THICKNESS 
>25' 

16. DEPTH DRILLED INTO ROCK 

" 18. TOTAL DEPTH 0!' HOLE 
,s 

10 WELL !NSTAUED> IF SO COMPUTE CONSTRUtrlON DIAGRAM 

"' 

8. MANUFACTURER'S Of:SIGNATION OF DR Ill 

GEOPROBf7822DT 

10. SURFACE HEVATlON AND CONDITIONS 

Gravel· West of pr;or flue Pond and near potential toluene underground storage tanks 

12. DATE AND TIME STARTED 

3/30/lS 13:30 
15. DEPTH GROUNDWATrn ENCOUNTERED 

13 DATE AND TIME COMPLETED 

3/30/1514:10 

17. DEPTH TO WATER AND HAPS ED TIME /\fTI:R ORILUNG COMPLETED 

" 19. OTHER WATER LEVH MEASUREMENTS (SPECIFY) 

" SAMPLETYl'E 
GRAB 

21. SAMPLE INTERVAL ANO DESIGNATION fOR LAB ANAlYS!S 

So,I ,~mple, collected at D to 2 feet below grade {SB-21 0-2) and B to 15 
fee! below grade ISB--2113·15) I 

SAMPLE INTERVAL AND DESIGNATION fOR FJElD SCREENING ANALYSIS 

Every 2 feet (app,oxunate) for voes with a PID 

SCRHNING ANALYSIS 

VO(s 
22. DISPOSITION ff NOT A WElL BACXFILlED WITH 
OF HOLE 

uses DEPTM 

lOG (FT] 

la) lb) 

S-6' 

6-lG' 

10-15· 

15-20' 

10-25' 

PROJECT 

Cumngs 

DESCRIPTION OF MATERIALS 

'" -
_ Dril/mg refu>al wos encountered <1t on~ foot be/aw grode dunng the first 

_ :::t;;~,7:;•;h::;,;,~:~;~:!t::• moved approxrmate/y two feet 

-

FILL (dark brown rnarsc sand and grave!) 

-~r_o_wn rned,um-f,ne SAND, mot<! 

Red and while CLAY 

Red, o,ange, pu,ple and wh1te CLAY 

Red, orange, purple and whjte ClAY 

Red, orang~, purple and wh1!e CLAY 

The soil baring was to be camp/ere<! with o temporary groundwater 
- momtorrng well; no ev,dena a/water wa, observed ot 15 feel be/aw 
- grode, so the borehole wa, extended to 25 feet. Due to dense clay from 6 

- ID 25 feet ond no evidence of wot er, the borehole was term1'ated and no 
_ weil was mswlled. 

-
-
-
-
-
-
-
-
-

CRISTAL USA FACILITY 

DIRECT READING Id) 

voe Depth of 

(pprn) Reading 

u 0-l' 

'' 2-4· 

'' 
ss 

8-10 

o., 

23. GEOLOGIST 

ANALYTICAL 

SAMPLE DESIGN 

l•I 

SB-21 0-2 {one 8 oz. SQil Jar, two 4 

o,, soil jars and enco,es) 

o; 12,14' SB-21 13-15 lone 8 o,. ,o;l 1a,, two 4 
o,. soil Jars <>nd enrnrns) 

,.s 14-15' 

16-18' 

u 18-20 

22-14' 

14-25' 

HOLE NO 

Ka!h<erine Christ,ensen 

DEPTH RECOVERY 

{FTi % 

'" '" 

75% 

75% 

100% 

lOOo/, 

1007, 

SB-21 

REMARKS 

Na V/5<i<JI evidence of stommg or 

odor observed 

No v1suol ev,dence of ,tmmng or 
odor ob,erved 

No v1rno/ ev,denu of ,wmmg 01 

odor observed 

No v,suo/ evidence of 5/oming or 
odor observed 

No v,rno/ ev,dence of <tam mg or 
odor observed 



SOIL BORING lOG 

1. COMPANY NA Mt 

URBAN GREEN ENVIRONMENTAL, LLC 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 

Don Marchese 

\I. SIZfS AND TYPES OF DRILLING AND SAMPLING EQUIPMENT 

2 in. x S ft mac,ocore 

2. DRILL SUBCONTRACTOR 

GSI Mtd-AtlaMit, Int 

IHOLf NUMBER 

8. MANUFACTURER'S DESIGNATION Of' DRILL 

GEOPROBE7822DT 

10 SURFAC£ HEVATION AND CONDITIONS 

SB-22 

SHEET SHUTS 

1 of 1 

1YPE OF LINER USED, IF APPLICABLE 

HOPE 

Asphalt, At end of Loncar t~ne and near northwestern port,on of the Upper Basin 

11 DIRECT READING PARAMETERS· 

PID /TOTA.l voes/ 11 7 EV/ MlNIRAE 3000 

14. OVERBURDEN TI-llCKNHS 

~10· 

12. DATE AND TIME STARTED 

3/31/1512:50 

1S. DEPTH GROUNDWATER ENCOUNTERED 

' 

!13- DATE AND TIME COMPLETfO 

i 3/31/15 13 OS 

16. DEPTH DRILLED INTO ROCK 

" 
17. DEPTH TO WATER ANO flAPSED TIME AFTER DRILLING COMPLETED 

18. TOTAL DEPTH OF HOU. 

W' 
20. :ill INSTALLED' ( SO COMPLETE CONSTRUCTION DIAGRAM 

19 OTHER WATER LEVEL MEASUREMENTS (SPECIFY) 

" SAMPLE TYPE 

GRAB 

21. SAMPLE INTERVAL ANO DESIGNATION FOR lA8 ANALYSIS !SAMPLE INTERVAL ANO DESIGNATION FOR FlflO SC. RffNING ANALYSIS. 

Soil samples <oll<ected at Oto 2 feet below grade (5B·22 0-2) and 7 to 9 feet 
below grade {SB-22 7-9) Every 2 feet (appro~,mate) for VOC, w,th a PID 

22. DISPOSITION IF NOT A WEll, BACKFILLED WITH 23 GEOLOGIST 

Of HOLE Culling, 

uses !DEPTH 

tOG (FT) 

DESCRIPTION Of MATERIALS 

lal (bl le) 

0-0.5' Asphalt 
--------- ---------------·-------

0.S-lS ~!~~--!1_~'.-~ -~'.:;'-~~ -~~-~!~:-~~-:'.d_:-:,;_'.~_lit_t;e p_~vel) 

l.SS Blown sandv ClAY 

5·6' Brown sandy ClAY, moist 
---------------

-----

· ··· 

------------- - - - .. 

OIRtCT READING (di 

voe Depth of 
(ppm) Rea din£ 

;/-4 

6-10 Brnwn loamy SAND. moist. saturated from 9 to 10 foet 
6-10' 

_ Borehole termmo!ed o( JO jeer below grade 

-
-
-

-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-

-
-
-

-
-
-

PROJECT HOLE NO 

CRISTAL USA FACILITY 

ANAl'rTICAL 

SAMPLE DESIGN 

1•1 

SB-22 0--2 (one So, SOIi Jar) 

',B-/2 7-S(on~ 8 o,. sot! Jar] 

Katherine Christen$en 

DEPTH RECOVERY 

{fTI % 

If! {gJ 

75% 

SB-22 

SCRHNING ANALYSIS 

voe, 

Rt MARKS 

No v1rno/ evidence of ,raining or 

odor ob,erved 

No v,,ua/ evidence of ,rmning or 
odor ob,erved 



SOIL BORING LOG 

1 COMPANY NAME 
URBAN GREEN ENVIRONMENTAL, llC 

3. PROJECT 
CRISTAl USA FACILIT\" 

7. NAME OF DRILLER 
Don Marchese 

9. SIZES AND TYPES OF ORllllNG ANO SAMPLING EQUIPMENT 
2 in. x 5 ft. marro,o,e 

2 ORILt SUBCONTRACTOR 
GSI Mid·Atlantic, Inc 

HOLE NUMBER 

8. MANUFACTURER'S DESIGNATION OF DRILL 

GfOPROBE 782201 
10. SURFACE ELEVATION ANO CONDITIONS 

SHEET SHEETS 
1 of 1 

T\"Pf OF LINER USED, IF APPLICABLE 

HOPE 

Asphalt - near the southeastern portjon of the Chernocal Warehouse bu,ld1ng footpnnt 

11. DIRECT READING PARAMETERS 

PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 

14. OVERBURDEN TH!CKNESS ,, 
12. DATE AND TIMI; STARTED 

4/3/15 s,oo 
15. OfPTH GROUNDWATER ENCOUNTERED 

• 

13 DA ft ANO TIME COMPLETED 

4/3/15 8:35 

16. DEPTH ORIU.EO INTO ROCK 

"' 
17. DEPTH TO WATER AND HAPS ED TIMf AFTER DRILLING COMPLfTEO 

" 18. TOTAL DEPTH OF HOLE 

• 
19. OTHER WATER LEVEL MEASUREMENTS ISPfCIFY) 

" 20. :;lL INSTALLcD' IIF so COMPLETE CONSTRUCTION DIAGRAM SAMPLE TYPE 

'"'' 21: SAMPLE INTERVAL ANO DESIGNATION fOR LAB ANALYSIS ISAMPLE INTERVAL AND OESlGNATION FOR FIELD SC. REENING ANALYSIS 

So,I ,amples collected at 1 to 3 feet below grade (S!l-23 1-3) and 4 !o 6 feet 
below •rade jSB-23 4-6) Every 2 feet (approximate) for VOC, with a PIO 

22. DISPOSITION IF NOT A WELL. 6ACKflllED WITH 23 GEOLOGIST 
OF HOL£ 

uses 
WC 

l•I 

PROJECT: 

DEPTH 

IITJ 

'"' 

1-4' 

4-4.5' 

4.5-5' 

5-7' 

Cuttings 

DESCRIPTION Of MATERIALS DIRECT READING (d) 

"' Oep!h of ,,, !ppm) Readin• 
The sall boring wa, to be advanced alang th<' e.-,stern partia, a/the Chem,col WarehO<Jse 

- bu1/dmg footrpnnt However, due to refusal on concrefe or two feel below gr ode, rhe bonng WO< 
- moved c/o,er lo /he raodwoy, Ir shO<J/d be natedtha! o perraleum odor with an elevated PID 

- reading of 115ppm was observed in rhesurfacesoil. 
_ Dril/mg refusal was en~ounrered at five feet below grade dur.ng rhe second arrempr; tire barmg 

wo< movedro the roadwoy 

Brown sandy ClAY and gravel 

I ,, 
JS ... 

Red coar<e SANO 

Da,k brown tine SAND, rnois! 

Da,k brown/blac!, fme SANO and gravel, mo«!, ;atu,ated 6 D 7 feet 
J.S 

·------------ ----
i-7 S' 

1·.s:~. 

-
-

-

Da,k green UAY, mm,1 

GrayClAY 

Drllf1ng re/urn/ or 8 Jeer below grade. barehalf' termmated 

CRISTAL USA FACILITY 

... 

HOLE NO 

ANALYTICAL 
SAMPLE DESIGN 

l•I 

SB-23 1-3 lone 8 a, ,a,1 Jar) 

SB-23 4-6 {one 8 o, soil jar) 

Ka!herine Chd,ten,en 

DEPTH RECOVERY 
[IT) % 

[I) ,,, 

75'0\ 

50% 

I 
I 
i 

5B·23 

.SCREENING ANALYSIS 

voes 

Rt MARKS 

swmmg and ,light 
petra/eum/salvenr adar from 4 S 

ta 5/eet 

Slight ,o/ven! odor from 5 la 8 
feet, na storning ob>f'rved 



SOil BORING lOG 

l. COMPANY NAM£ 
URBAN GREEN fNVIRONMENTAL, LLC 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 
Don Marchese 

9. SIZES AND TYPES OF DRILUNG AND SAMPLING EQUIPMENT 
2 in. x 5 ft. macrocore 

2. DRILL SUBCONTRACTOR 
GSI Mid-Atlannc, Inc 

IHOt.f NUMBER 

8. MANUFACTURER'S DESIGNATION OF DRlll 

GEOPROBE 7822DT 
10 SURfAC[ HEVATION ANO CONDITIONS 

SB-24 

SHEET SHEETS 

1 of l 

!TYPE OF LINER usrn. IF APPUCABLE 
HOPE 

Gravel - near water !owe, and prior ~a,oline and diesel above~round storage tanks 

11. DIRECT READING PARAMETERS 

PIO /TOTAL voes/ 11.7 EV/ MINIRAf 3000 

14. OVERBURDEN THICKNESS 
>1S' 

12. DATE ANO TIME STARTEO 

4/7/15 11:30 
15. DEPTH GROUNDWATER ENCOUNTERED 

13 DATE ANO TIME COMPLETED 

4/7/15 11:50 

16. DEPTH ORILLfD INTO ROCK 

" 
17. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED 

" 18. TOTAl DEPTK OF KOLE 
,S' 

19. OTHER WAHR lEVH MEASUREMENTS (SPECIFY) 

" SAMPLE TYPE 
GRAS 

21. SAMPLE INTfllVAL AND DESIGNATION FOR lAB ANALYSIS .• 1SAMPl£ llffERVAl AND DESIGNATION FOR FIELD SCRHNING ANALYSIS 

:::~::;.1:: ~:!l~~ea\a~i° to l feet below g,ade (SB-24 0-2) and 8 \0 10 foetl Every 2 feet (approximate) for VO Cs with a PlD 

22. DISPOSITION ff NOT A WELL BACKFILltD WITH 23. GEOLOGIST 

OF HOU Cuttong, 

uses DEPTH DESCRIPTION OF MATERIALS 

LOG (FTI 
l•l {bJ ,,, 

D·OS Brown coarse SANO and gravel 
---- - - -- ------------

OS-4' Red and white CLAY 

4-5' Brown Sll!y ClAY 

Brown silty CLA ~ 

L,ght brown med,um-f,ne SAND, wet a\ base 

10-15 Ught brown medoum•lme SAND, saturated 

Borehole term,noted m 15feer below grade, p/oced temporary 

- groundwater moMormg we// w,th lOfeet of <eteen and 5 fee• af casing !o 

- ground <wrfoce 

-
-
-
-
-

-
-
-

-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

PROJECT 

CRISTAL USA FACILITY 

OIRtCT READING (di 

voe Depth of 
{ppm) Read,ng 

0-l' 

2-4' 

,., 4-6' 

'' 8-10' 

,., 10-12' 

12·14 

HOLE NO 

ANALYTICAL 

SAMPLE DESIGN. 

(el 

5B·240·2{one8o, sm1Jar,two4 
o,. soil Jars and encores) 

SB-24 8-10 {one S oz. soil jar, two 4 
oz. soil Jars and encore,) 

Kathenne Chnstensen 

DEPTH RECOVERY 

IFTJ % 

"' ,,, 

75% 

SB-24 

SCRHNING ANALYSIS 

voe, 

REMARKS 

No v"uai evidence of ,tam mg or 

odor ob,erved 

No v"uo/ ev,dencc oJ ,-,o,mng or 

odor ab served 

No v.suo! ev,dence of ,tommg or 
odor ob,erved 



HOLE NUMBER 
SOil BORiNG LOG SB-25 
1. COMPANY NAME 2. ORlll SUBCONTRACTOR SHEET SHEETS 

URBAN GREEN ENVIRONMENTAL, \LC GSI M,d,AUantic, Inc. 1 of 1 
3. PROJECT 

CRISTAL USA FACIUTY 

7. NAME OF DRILLER 8. MANUfACTURER'S DESIGNATION OF DRILL 
Don Marchese GEOPROBE 782201 

9. SIZES AND n"PES Of DRILLING ANO SAM PUNG EQUIPMENT 10. SURFACE ELEVATION ANO CONDITIONS 

2 ;n. • S ft. macrocore 

TYPE N LINER USED, IF APPllCABlE Gravel- End of railroad spur along southwestern Site boundary 

HOP£ 

11. DIRECT READING PARAMETERS 12. OAH ANO TIME STARTED B. DATE ANO TIME COMPLfHO 
PIO/ TOT Al voes/ 11.7 EV/ MINI RAE 3000 3/30/15 9,50 3/30/15 10:10 

14. OVERSUROEN rHICKNfSS 15. DEPTH GROUNDWATER ENCOUNTERED 

>1S' " 16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WATER ANO ELAPSED TIME AFTER DRILLING COMPlETED 

" " 18. TOTAL DEPTH OF HOLE 19. OTHER WATER LEVEL MEASUREMENTS 1SP£ClfY) 

" " ,0 WHL INSTALLED' IF SO COMPLETE CONSTRUCTION DIAGRAW. SAMPlEn"PE 
,o GRAS 

21. SAMPlE INHRVAL ANO DESIGNATION rnR lAS ANALYSIS rAMPlE INTERVAL AND DESIGNATION fOR flf:LD SCRHNING ANALYSIS- SCREENING ANALYSIS 

Soil samples collected at O lo 2 feel below grade {SB-25 0-2) and 13 to 15 

feet below ~rade {SS-25 13-lS) Every 2 feet (approximate) for voes with a PIO voes 

22. OISPOSfTION I~ NOT A WELL, BACKFILLED WITH 23. GEOLOGIST 
OF HOLE Cu1t1ngs Katherine Chmten,e~ 

ANALYTICAL DEPTH RtCOVERY 
uses DEPTH DESCRIPTION OF MATERIALS DIRECT READ!NG {di 5AMPtE DESIGN IFC[ % REMARKS 

WO !FT) %OC Depth of ,,, 
'" (cl (ppm) Reading l•I Ill '" lo,-o:~·- Gravel ,.s or 

56-25 0-2 (one 8 o,. sml Jar, two 4 

o,. soil JO ts and encores) No v15ual evidence of >taming or 
rn 2-4· ,S% 

O.SS R~d and wh;te ClAY odor observed 

LS 4-6' 

" , .. 
5-10" Red, brown and purple CLAY 100'.f\ 

No V1Suol ev,dence of,toming or 

odor observed 
u 8-10' 

I 
u 10-12 

10-l'J Red, brown and purple CLAY 
I 

" 12-14 i 100% 
No v,suol evidenu o/ sta,mng or 

SB-25 13-15 (one 8 o,. so1I 1ar. two 41 odor obscrv~d 
13-14' Red and brown Cl.AV; 1;ne of brown fine ,and at 13.5 !eet 

o, sml 1ars and ~nco,es) 
14,15' White CLAY. wh,te sand at base u 14,15' 

Borehole rermmoted o/ JS feet below grode 

-

-
-

-
-

-
-
- ' 

. 

-

-
-
-
----

-

-

-
-

-

-
-

PROJECT· HOLE NO. 

CRISTAL USA FACILITY SB-25 



SOIL BORING LOG 

1. COMPANY NAME 
URBAN GREEN ENVIRONMENTAL, llC 

3 PROJECT 
CRIST Al USA FACILITY 

7. NAME OF DRILLER 

Don Marchese 
S. SIZES AND TYPfS Of' DRILLING AND SAMPllNG EQUIPMENT 

2 ,n. • 5 fr. macrocote 
TYPE Of llNfR USED, If APPLICABLE 

HOPE 

11. DIRECT READING PA RAM HERS 

PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 

14 OVERBURDEN THICKNESS 
>15' 

16. Df/>TH DRllL£D INTO ROCK 

" lB. TOT At DEPTH OF KOLE 
,S' 

20. :Ell lNSTAllED? ( SO COMPtCTf CONSTRUCTION DIAGRAM 

21. SAMPlE INTERVAL AND DESIGNATION FOR lA8 ANAlYS!S 

Soil samples collecteO af Oto 2 feet below grade {SB-26 0-2) and H to 15 

eet below grade (SB-26 B-15) 

22. DISPOSITION IF NOT A WELL, BACKflllfD WITH 
OF KOU Cutt,ngs 

uses I.DEPTK 

LOG IFTI 

DESCRIPTION OF MATERIAlS 

l•I {bl "' 
0-1 S' Brown coar;e SANO and ~ravel 

1.5-2.5' Brown ClAY 

2.5-S ~edandwh>teClAY 

Brown. white and ,ed ClAY 

7-10' Wh,1€, brown and purple ClAY 

10-]4' White, brown and p~tple ClAY 

14-14.5' Wftne fine sdty SAND 
- - - - - ------ ---

Wh,le, hr own and purple CLAY 

_ Borehole termmoted a, 15 feet below gr ode 

-
-
-

-
-
-

-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

PROJECT 

CRISTAL USA FACILITY 

2. DRlll SUBCONTRACTOR 
G51 M,d-Atlant,c, Inc 

HOlf NUMBER 

8. MANUFACTURER'S DESIGNATION O> DRILL 

GEOPROBE 7812Dl 

10. SURFACE ELEVAT!ON AND CONDITIONS 

SB-26 

SHEET SHEETS 
l of 1 

Gravel North ol prior Chloride Ore Storage bLJJld,ng 

12. DATE AND TIME STARTED 

3/30/15 11 ·So 
15. DEPTH GROUNDWATER ENCOUNTERED 

" 

13 DATE ANO TIME COMPlfTED 

3/30/lS 12:10 

17. DEPTrl TO WATER AND ELAPSED TIME AFTER DRILLING COMPlETED 

19 OTHER WATER LEVEL MEASUREMENTS (SPECIFY) 

" SAMPLE TYPE· 

GRAB 

ISAMPL£ ltHERVAl AND DESIGNATION FOR FIELD SCRHNING ANALYSIS. 

I Every 2 feet {appro.,mate) for voes w,th a PIO 

23 G£Ol0G1ST 
Kathenne Christensen 

DIRECT READING (d) 

voe Depth ot 
(ppm) Read,ng 

'' 0-2' 

..... 
...... ' ••··········· 

4-6' 

6-B' 

8-10' 

10-12' 

12-14 ... 

1.9 

HOlE NO. 

ANALYTICAL 

SAM?LE DESIGN 

l•I 

S8-260-2{one802.sm1Jar,two4 i 
o,. soil J"" and enco,es) 

SB·:?6 13-15 {one 8 m. so<I 1ar, two 4 
o, s0>I Jars and encores) 

I 

DEPTH RECOVERY 

(FT) % 

(fl (g) 

100% 

100% 

SB-26 

SCREENING ANALYSIS 

voe, 

REMARKS 

No m~o/ ev,dence of swmmg o, 

odot observed 

No v,,~ol evidence of s!mmng or 

odor ob,erved 

No v,s<1oi evidence of ,toming Of 

odor observed 



1-!0lE NUMBER 
OIL BORING LOG SB-27 

1. COMPANY NAME 2. DRILL SUBCONTRACTOR SHEl:T SHHTS 
URBAN GREEN ENVIRONMENTAL, llC GSI Mjd-Atlantic, Inc 1 of 1 

3. PROJECT 

CRISTAL USA FACILITY 

7 NAME OF DRILLER 8. MANUFACTURER'S DESIGNATION Of DRlll 
Oon Marchese GEOPROBE 7822DT 

9. SIZES AND TYPES OF DRILLING AND SAMPLING EQUIPM€NT 10. SURFACE HfVATION AND CONDITION~ 

2 in. x S ft. macrocore 

TYPE Of LINER USED, IF APPLICABLE Grdvel Along western port;,m of the Upper 0asin 
HOPE 

11 DIRECT READING PARAMETERS 12. DAH AND TIME STARTED B. DAH AND TIME COMPLETED 
PIO /TOTAL voes/ 11.7 EV/ MINIRAE 3000 3/31/lS 13:15 3/31/15 13:35 

14 OVERBllROtN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED 
>10' ,, 

16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WATER AND ELAPSED TIME MTER DRILLING COMPLETED 

" " 18. TOTAL D€PTH OF HOLE 19. OTHER WAHR LEVEL MEASUREMENTS {SPECIFY) 
,O' 

" 20. WELL INSTALi ED" I~ SO COMPLHf CONSTRUCTION DIAGRAM SAMPLETl'PE 
,o 

'"" 21: SAMPLE INTERVAL AND DESIGNATION FOR LAB ANALYSIS : I SAMPLE INTERVAL AND DESIGNATION FOR FIELD SCREENING ANAl Y51S 5CRl'ENING ANALYSIS 

so,l samples collected at Oto 2 feet below g,.,de jss.27 0·21 •nd 6 to 8 feet 

below grade (56-27 6-8) Every 2 feet (JPprox1mate) tor VO Cs with a PIO voe, 
In. DISPOSITION IF NOT A WElL. BACKflllED WITH 23. GWLOGIST 
OFHOlE Cuttings Katherine Christensen 

ANALYTICAL DEPTH R£COV£RY 
uses DEPTH Dl'SCRIPT!ON OF MATfRIAlS DIRECT READING Id) SAMPLE DESlGN. ,~, % REMAR~S 

WO ,~, soc Depth o! ,,, 
'"' 

,,, (ppm) Read,ng ,,, ,,, lg) 

0-1' 
.. 

Brown coarse SAND and gravel 

" 0-2' 
- ----- - __ _, 

SB-27 0-2 jone 8 o,. so,I jar) 

1-4' Tan SILT o., 2-4' 75% 
No vi<ua/ evidence of ,tammg or 

I odarob,erved 

' 4-5' Datk brown loarny SAND OA 4-6' i 

5-8' Dark b,own loamy SAND, wet SB-2) 6-8 {one Bo, soil i•rl 
-- -- - - - . ) •............. " '' No v,<uo/ evidence of ,tmnmg ar 8-8.S' Gray SllT, saturated 90% 

odor abseroed ----· 

85-10' Dark brown to biack medoum-line SAND, saturated 
u 8-10' 

Bare hole terminated Qt JO /eel below grade -
-
-
-

-
-
- I -
-
--
-
-
-
-

-
-
-
- i -
-
-
-
-
-
-
-

-
-
-

P~OJECT; HOUND 

CRISTAL USA FACILITY SB-27 



SOit BORING LOG 
1. COMPANY NAME 

URBAN GREfN fNVIRONM£NTAL, LlC 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME Of DRILLER 
Don Marchese 

9. SIZES ANO TYPES Of ORI LUNG AND SAMPLING EQUIPMENT 
2 in., 5 ft. rnacrocorn 

2. DRILL SUBCONTRACTOR 
GSI M,d·Atlanl<c, Inc 

IKOlE NUMBER 

8. MANUFACTURER'S DESIGNATION OF DRILL 

GEOPROBE 78220T 
10. SURFACE UEVATION AND CONDITIONS 

SKEET SHEETS 
1 of 1 

TYPE OF LINER USED. IF APPLICABLE 

HOPE 

Asphalt - Along the ea stem port,on of the Upper Bastn and acrnss from the Spent Solvent area 

11 DIRECT READING PARAMETERS 

PIO/ TOTAL voes/ 11 7 EV/ MINIRAE :woo 
14. OVERBURDEN THiCKNESS 

>Hl' 

12. DATE AND TIM£ STARTED 

4/3/15 8:35 
15. DEPTH GROUNDWATER ENCOUNTERED 

4.5' 

13. DATE AND TIME COMPlEHD 

4/3/15 9:00 

16. O[PTfl DRILLED INTO ROCK 

"' 
17. DEPTH TO WATER AND HAPS ED TIME AFTER DR/LUNG COMPLETED 

18. TOT Al O!'PTH 0t HOLE 
,0 

20. WHl INSTALLED? IIF 50 COMPLETE CONSTRUCTION DIAGRAM 
YES, TEMPORARY 

19 OTHER WATER lEVEl MEA5URfMENT5 iSPECIFYI 

SAMPLE TYPE 
GRAB 

'L SAMPLE INTERVAL AND DESIGNATION rnR lAB ANALvs1s ISAMPLE INTERVAL AND oEslGNATioN FoR F1HD sc_ RHNING ANALYsis_ 

So,I samples collected at Oto 2 feel below grade {SB-28 0-2) and 2 5 to 4.5 
feet below ~,ade (5B·28 2.5·4.SI Every 2 feet (approx,mate} for VOCs with a PID 

22. DISPOSrflON IF NOT A WHL BACKFILLED WITH 23. GfOLOGIST 

Of HOLE Culling, 

OIRECT READING (d) 

voe Depth of 

uses 1~EPTH 

LOG (FT) 

DESCRIPTION OF MATERIALS 

(a) (bi 1,1 (ppm) Readm• 

0--0 S' Asphalt u 0-2' 
----- ---------
0.5-3 ______ •• Tan medium-f,ne SAND w,1h line o! grave_l at 2_ feet 

- - ---
3.4· Brown sandy CLAY. mOF<l u ,_, 
4-4S Tan medium-fine SANO 

---- - - - !-- ----------- - - - - -----
4 5-5 Tan coarse SAND and gravel, saturated '' 
S-7' Light \an medium-tine SANO wrth ht tie gravel. satu,ated 

2.5 

7-10' Wh,te hne SAND, saturated u 8-10 

Borehole terminated or 10/eet below grnde; placed tempora1y 

- grovndwoter momtonng well wi!h 5 Jee, of ,ere en ond) feet of w<ing (o 

- ground wrfore 

-
-

-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

PROJECT HOU: NO 

CRISTAL USA FACILITY 

ANALYTICAL 
SAMPLE DESIGN 

l•I 

SS-26 0--2 (one 8 oz. so Fl Jar) 

SB-282 5-4.5 (one 8 o,. ,o,IJar) 

Ka!herme Christensen 

DEPTH RECOVERY 

IFT) 'M 

If) (gl 

75% 

75% 

SB-28 

SCREENING ANALYSIS 

voes 

REMARKS 

No vi,ua/ evidence of ,taming or 

odor observed 

No v1s:<1ai evidence oj <!om,ng or 

oo'or observed 



HOU NUMBER 
SOIL BORING lOG SB-19 

1. COMPANY NAME 2. DRILL SUBCONTRACTOR SHHT SKEETS 
URBAN GRHN ENVIRONMENT Al, LLC GS! M1d·Atla11lic, Inc. 1 of 1 

3. PROJECT 

CRISTAL USA FACILITY 
7. NAME OF DRILLER 8. MANUFACTURER'S DESIGNATION OF DRILL 

Don Marchese GE0PR0BE 7B2lDT 
9. SIZES AND TYPES Of DRILLING ANO SAMPLING EQUIPMENT 10. SURFACE ELEVATION AND CONDITIONS 

2 ;n_ • 5 ft mac,ocorn 
IT'fn OF LINER USED, IF APPLICABLE Asphalt Along the eastern ponion of the Landfill bounda,y 

HOPE 

11. DIRECT READING PARAMHERS 12. DATE AND TIME STARTED 13. DAT£ AND TIM£ COMPLETED 
PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 3/30/15 10:0~ 3/30/15 10:40 

14. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED 
~1s· 10.s· 

16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED 

" " 18. TOTAL Df:PTH OF HOLE 19. OTHER WATER LEVH MEASUREMENTS (SPtCIFY) 

" " 20. WELL INSTAllED? IF SO COMPLETE CONSTRUCTION DIAGRAM SAMPLE TYPE 
,o GRAB 

21: SAMPLE INTERVAL AND Df.SIGNATION FOR LAB ANALYSIS ,tlSAMPlE INTERVAL AND DESIGNATION FOR flElD SCREENING ANALYSIS- SCREENING ANALYSIS 

So,I samples collected at O !o 2 feet below grade {SB,29 0·2) and 8 to 10 feet 
below -rade ISB-29 8·10) Every 2 feet {appro.,rnate) for voe, wtth a PIO voe, 
22. DISPOSITION IF NOT A WELL, 8ACKFILLED WITH 23. Gf0l0G1ST 
OF r!Olt Cuttings Kathe,;ne Chmtensen 

ANALYTICAL DEPTH RECOVERY 
oscs DEPTH DESCRIPTION OF MATERIALS DIRECT READING {di SAMPLE DESIGN '"' % REMARKS 

lOG (nl ,o, Depth of 
l•I '" 1,1 (ppm) Reading "' 

,,, (g) 

0-0.S Asphalt and gravel 

'' 0-2' 
SB-29 0-2 (one 8 o,, soil Jaf) 

O.S-4' Red and wh,te CLAY , .. 2-4' 75% 
No V!rnal evidence a/ ,taming or 

odor ob,erved 

4-5' Brown sandy CLAY u 4·6' 

'" Brown sandy CLAY, lmle mo,st 

6-8' Red ClAY 
;; , .. 

No wrnol ev,dence a/ <tam mg or 
JO(r!, 

--- -- oda, observed 
8-9' Wh;te h!le SANO 

'" 8-10' 
SB-29 8, 10 {one 8 ol soil ja,) 

9-10' light tan fine SAND, moist 

10-12 t,ghl tan !me SAND, mo"!, wet 10.S to 11.S feet 
,o 10-12' 

I -- Na """a/ ev,dence of <tammg or 
u 12-14 100% 

ado, observed 
12-15' c;ght gray fone ,;l!y SAND, mo,s\ 

u 14-lS' 

Borehole terminated a( J5 f~et befow grnde -
-
-- I -
---

-

-

-

-
-
-

-

-
-
-

- -

-

-
-
-

PROJECT HOLE NO. 

CRISTAL USA FACILITY 58·29 



OIL BORING lOG 

1. COMPANY NAME 
URBAN GREEN ENVIRONMENTAL, LlC 

3. PROJECT 
CRISTAL USA FACILITY 

7. NAME OF DR!LLER 
Don Marchese 

9. SIZES AND TYPES OF DRILLING AND SAMPLING EQUIPMENT 

2 on." S ft. macroco,e 
TYPE Of LINER usrn. IF APPUCASlf 

HOPE 
11. DIRECT READING PARAMETERS 

PIO/ TOT Al voes/ 11.7 EV/ MINIRAE 3000 
14. OVERBURDEN THICKNESS 

~15' 

16 DEPTH DRILLED INTO ROCK 

" 18. TOTAL DEPTH Of HOLE 

ff 
;,o. WELL INSTALLED? lir so COMPlfT£ coNsrnun10N DIAGRAM 

YES, TtMPORARY 

2. DRlll SUBCONTRACTOR 

GSI Mod·Atlantic, Inc 

HOLE NUMBER 

6 MANUFACTURER'S DESIGNATION OF DRlll 

GEOPROBE 7822DT 
10. SURFACE flfVATION AND CONDITIONS 

SB·30 

SHffT SHEETS 
1 of 1 

Gravel· Prior transformer station along tfie west em portion of the Upper Basin 

12. DATE AND TIME STARTED 

4/1/lS 9:15 
1S. DEPTH GROUNDWATER ENCOUNTERED 

.13 DATEANDTIMECOMPlETED 

4/1/15 9'35 

17. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED 

" 19. OTKER WATER lfVEL M€ASUREM£NTS {$Pf.CIFY) 

SAMPLE TYPf 

GRAB n· SAMPLE INTfRVAl AND DESIGNATION FOR LAB ANALYSIS . .!SAMPLE IIITERVAl AND DESIGNATION FOR FIHO SCREENING ANALYSIS 

:::~:;;::; ;::~
3
c~e

9
~;;tto 2 foet below grade ISB-30 0--21 and 9 to 11 feetl fvery 

2 
teet {apwoximate) for VO Cs w;ih 

3 
PIO 

SCRHNING ANALYSIS 

22. DISPOSITION 
Of' HOlf 

uses DEPTH 

LOG (FT) 

{a) (b) 

0--0S 

0.5-4.5' 

4.5-S' 

5-9' 

I - -
S-10 

rn-n 
,u, 
12-14' 

ff NOT A WElL. BACKfllLED WITH 
Cutting, 

DESCRIPTION OF MAHRIALS 

1,1 
Brown ;andy CLAY and grave! 
,._,,,. ,. -- -------·-~--------- -- ------------

Red-brown CLAY 

Brown coarse SAND and gravel, moist 

Bo own coarse SANO and gravo!, mo.st 

Red CLAY 

Red CLAY 

light brown !ane SAND, wet 

Red and white CLAY 

Borehole term,nated at 15 /ee! below grade; placed Umparory 

. 

- groc,ndwatn momtoflng well with 10 feet of screen and 5 ju• of ca<m9 to 

- groLJnd wrjace 

-
-

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-

PROJECT 

CRISTAL USA FACILITY 

DIRECT READING (d) 

voe Depth of 
{ppm) Re~din• 

0-2' 

l.O 2-4' 

4-6' 

u 

8·10 

,.o 10-12 

23. GEOLOGIST 

ANALYTICAL 
SAMPLE OfSIGN 

fol 

S0-30 0-2 (one 8 o,. so,I 1ar, two 4 

o> ;oil JarS and enrn,es) 

SB-30 S-11 {on~ 8 o,. soil 1•r, two 4 

u 12-14' o,. soil jars and encores] 

14-lS' 

I 
HOLE NO 

Kathenne Chmlemen 

DEPTH RECOVERY 

(FT) % 

'" 
,,, 

50% 

ZS% 

75% 

I 
' 

SB-30 

voe, 

REMARKS 

No v,<uol ev,denu of stommg or 

odor obse1ved 

No v,5<,a/ pv1dence of sta,n,ng or 

odorofoerved 

No V/SLJO! evidence oj ,rammg ar 

ador observed 



Otl IIORlNG LOG 
1. COMPANY NAME 

URBAN GREEN ENVIRONMENTAL, UC 
3. PROJECT 

CRISTAL USA FACILITY 
7. NAME Of DRlllER 

Don Marchese 

9. SIZES ANO TYPES OF ORllllNG ANO SAMPLING [QUIPMENT 
2 io. x 5 tt. macrocore 

h,,PE OF LINER usrn. IF APPLICABLE 
HOPE 

1l OIRECT READING PARAMETERS 

PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 
14. OVERBURDEN THICKNESS 

>15' 

16 DEPTr! DRILLED INTO ROCK 

"' 18. TOTAL DEPTH OF r!Olf 
,s 

20. WfLl lNSTAlLEOl IF SO COMPLETE CONSTRUCTIO!\I DIAGRAM 

"° 
21. SAMPI.E INTERVAL AND DESIGNATION FOR LAB ANALYSIS 

Soil samples «>llec!ed a! 0 lo 2 leel below grade (58-31 0-2) and 13 lo 15 
foet below ~,ade {SB-3113-151 

22. DISPOSmON 
OF HOLE 

uses DEPTH 

WC IITI 
l•I ISi 

0-0.5' 

0.5-1.5' 

1.5-1.5' 

l.SS 

5-10' 

10-15' 

-
-

-
---
-

-

-
-
-
...... 

-

-

-
-
-
-

-

-

-
-

PROJECT 

IF NOT A WHL, BACKFILLED WITH 

Cuttmgs 

DESCRIPTION OF MATERIALS 

,,, 
~~•~e_,_a_"_r_,_':__'>:AN_~_ •_'.'d ~_'"~~-~)-
Brown CLAY w,th l,ttle coarse ,and 

Brown CLAY 

Red CLAY 

Red ClAY 

Red Cl.AV 

Borehole rermmored m 15 feet below grade 

CRISTAL USA FACILITY 

2. DRlll SUBCONTRACTOR 
GS\ Mid·Atlant,c, Inc. 

HOU'. NUMBER 

8. MANUFACTURER'S DESIGNATION OF DRILL 

GEOPROBE 7B220T 

10. SURFACE ELEVATION AND CONDITIONS 

Sll·ll 

SHEET S>1HT5 
1 of 1 

Gravel Near low-ly,ng ¥ea along the weslem pomon of the Upper Basin 

12. DATE AND TIME STARTED 

4/1/15 9:55 

15. DEPTH GROUNDWATER £NCOUNT£R£D 

B DATEANOTIMECOMPLETED 

4/1/15 10.20 

17. DEPTH TO WATER AND ELAPSED TIME AFTER DRILUNG COMPLETED 

" 19. OTHf'R WATER LEVEL MEASUREMENTS (SPECiFYI 

"' SAMPLE TYPE 
GRAB 

[SAMPLE l!\ITERVAL ANO DESiG!\IATlO!\I FOR FIELD SCREENING ANALYSIS 

Every 2 feet (approximate) for voe, with,, PID 

23. GEOLOGIST 

ANAlVTICAl 
DIRECT READING Id) SAMPLE DESIGN 

"' Depth of 
(ppm) Reading 1,1 
u M 

SB-31 0,2 (one 8 o,. soil 1ar) 

2.7 1-4' 

;; •• 
B •• 
H 8-10' 

SA 10-12' 

rn 12-14' 

SB-3113-15 {one 8 o, so,l 1ar) 
rn 14-15' 

HOlENO. 

Kathe;,ne Chmtensen 

D1'PTH RECOVERY 
{FT) % 

'" "' 

100% 

100% 

100% 

58·31 

SCREENING ANAtYSIS 

voes 

REMARKS 

No v,<uol evidence of s/r,ming or 

odor observed 

No v,suo/ evidence of stommg or 

odor observed 

No v1maf evidence of ,!01mng '" 

odor observed 



SOIL BORING LOG 
IHOLE NUMl!ER 

S8-32 

l. COMPANY NAME 2. DRILL SUBCONTRACTOR SHUT S1iECT5 
URBAN GREEN ENVIRONMENTAL, llC GSI M1d-AtlanHc, Inc ' ,, ' 3. PROJECT 

CRISTAL USA FACILITY 
7. NAMf OF DRILL[R 8. MANUFACTURER'S DESIGNATION OF DRILL 

Don Marchese GEOPROSE 7822DT 

f9. SIZES AND TYPES OF DRILLING AND SAMPLING EQUIPMENT lD. SURFACE ELEVATION AND CONDITIONS 
2 in. x 5 ft. mac roe om 

TYPr OF LINER usrn, IF APPLICABLE Gravel· Near Ga, Turbones and along !he eastern portion of !he Upper 8asin 

HOPE 

11. DIRECT READING PARAMETERS 12. DATE AND TIM£ STARHD 13. DAT£ AND T!Mt COMPLCTW 

PID /TOTAL voes/ 11.7 EV/ MINIRAE 3000 4/3/15 9·50 4/3/15 10,10 
14. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED 

>10' ' 15. DEPTli DRILLED INTO ROCK 17. DEPTH TO WAHR ANO ELAPSED TIME Al'TER DRILLING COMPLETED 

" " 18. TOTAL DEPTH OF KOLE 19. OTliER WATER ltVEl MEASUREMENTS {SPECIFY) 
,O' " 20. WELL INSTALLED' IF SO COMPLITE CONSTRUCTION DIAGRAM SAMPLE TYPE 
,o GRAB 

21 SAMPLE INTERVAl AND DESIGNATION WR lAB ANALYSIS : /5AMPlE INTERVAL ANO DESIGNATION FOR FIELD SCRl;ENING ANAL Y515- SCRHNING ANALYSIS 

So,I sample, collected at Oto 2 feet below grade (SB-32 ().-2) and 2 lo 4 feet 
below~rade ISB-32 2-41 Every 2 feet (approx,mate) for VOCs w,th a PIO voe, 

22. DISPOSITION IF NOT A WELL, BACKFllLED WITH 23 G£0lOGIST 
OF'HOU CU!ltng< Katfienne Christensen 

uses !DEPTH 

ANAlY11CAl D[PTH RECOVERY 

Dt:SCRIPTION OF MATERIALS DIRECT READING (cl) SAMPLE DfSIGN ,~, % REMARKS 

LOG IFTI co, Depth of ,,, 
'"' {cj (ppm! Read,no ,., '" 

,,, 
o, 0·2' 

SB-32 0-2 (one 8 o,. so,IJar), DUP-08 

00 Brawn med,um-fme SAND w,th little gravel 
75% 

No visuol ev,dence of staining or 
u l-4" SB-32 2-4 (one 8 o,. sod Jar); odor observed 

MS/MS0·04 -- - ... --·----·---- ----- --- ---- - -- -- ----
4-5" Brown CLAY. wet 

S-10' Tan loamy SAND, saturated 5-10 50% 
No visual ev,dence of sta/1\ulg or 

n odor observed 

Borehole term,nored ot 10 fee! below grade -
-
-
-

' 
-
-
-
-
-
-
-

' -
-
-
-
-
-

-
- ! -
-
-
-
-
-
-

-
-
-

PROJECT HOltNO.: 

CRISTAL USA FACILITY SB-32 



HOU NUMStR 

SOil BORiNG LOG SB-33 
l. COMPANY NAM!: 2 DRILL SUBCONTRACTOR SHEET SHEETS 

URBAN GRUN ENVIRONMENTAL, LLC GSI Mid-AOantic, Inc. ' of , 
3. PROJECT 

CRISTAL USA FAC!lllY 

7. NAME OF DRILLER S. MANUFACTURER'S DESIGNATION OF DRILL 

Don M~rche,e GEOPROBE 78220T 

9. SIZES ANO TYPES OF ORIUING ANO SAMPLING EQUIPMENT 10. SURFACE HfVATlON AND CONDITIONS 

2 in. x 5 ft. macrocore 

hn OF LINER usm. IF APPUCABlE A,phalt Along the northwe,tern portion of the prior Boiler House lm1ldin~ 

HOPE 

11. DIRECT READING PARAMETERS 12 DATEANDTIMESTARHD B DATE AND TIME COMPLETED 

PID / TOT Al voes/ 11.7 EV/ l;HNIRAE 3000 4/3/15 9 OS 4/3/lS 9:35 

14. OVERBURDEN THICKNf'SS 1S. DEPTH GROUNDWATER ENCOUNTERED 

'" " 16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WATER AND £LAPSED TIME AFTER DRILLING COMPLETED 

" " ll!. TOTAL DEPTH OF HOLE 19. 01t!ER WATER LEVEL MEASUREMENT5 ISPEClfY] 

ff " 20. WEll lNSTAlLED' ff ',0 COMPLETE CONSTRVCflON DIAGRAM SAMPlE TYPE ,o GRAB 

21. SAMPLE INTERVAL ANO DESIGNATION FOR LAB ANALYSIS lSAMPlE INTERVAL AND DESIGNATION FOR fl HD SCREENING ANALYSIS. srnEENING ANALYSIS 

Soil samples collected at Oto 2 feet below grade (SB-33 0-21 and 13 to 1S 

feet below grade (Sl!-33 13-15) Every 2 feet {approximate) for voe, w,th a PIP voe, 
22 DISPOSITION If NOT A WELL, BACKFILLED WITH 23. GEOLOGIST 
Of HOLE Cuttings Katherine Christensen 

ANAl\'TICAL DEPTH RECOVERY 

uses Dti>TH DESCRIPTIOr- OF MATERIALS DIRECT READING id) SAMPlf DESIGN ,~, % REMARKS 

WC ,~, %0C Depth of ,,, 
'"' 

,,, (ppm) Reading [el '" 
,,, 

-
- Dr,llmg refusal was encountered ot one foot below grade at ,ever al 

/ocanons (pnar buMmq founda!lon?/, moved sol/ bonnq to t'1e asp/,u/1 - ofong rl,e northwe;tern portion of the gruve! ureo 

10-1· ... _A,~~-~'.': canc_r_e:~ _a_nd ~!~".e: 1.0 0-2' 
SB-33 0-2 lone 8 o> so1l 1ar) 

1-5" Red CLAY 
u 2-4' 90% 

No v,suo/ evidence of staining or 

odor o/!5erved 

0./ " 
u 6-8' 

5-10' Red and wMe CLAY 100~" 
Na v,sual evidence of >taming or 

oda, observ~d 

"' 8-10' 

u 10-12 

10-15 Red and w~1!e CLAY 

" 12-14 100% 
No v,rnal evidence of s/mmng or 

odor ob,erved 

5B-3313-J5{one8al soil1ar) 
LO J4.JS 

- Borehu/e term,nated or 15 /eet below grade I 
-
-
----

-

-

-

-
-
-
-

--

-
-
-

---- I 
PROJfCT HOLE NO. 

CRISTAL USA FACILITY S8·33 



SOil BORING LOG 
1. COMPANY NAM€ 

URBAN GREEN tNV!RONMENTAl, U.C 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME Of DRILLER 
D<m Marth<>$<> 

9. SIZES ANO TYPES OF DRILLING AND SAMPLING EQUIPMENT 

2 in. x 5 ft. macrocore 
~PE OF LINER USED, lf APPLICABLE 

KOPE 
11. DIRECT READING PARAMETERS 

PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 
14. OVERBURDEN THlCKNfSS 

>15" 

16. DEPTK DRILLED INTO ROCK 

" 18. TOTAL DEPTH Of HOL[ 
,s· 

20. WELL INSTALLED' If SO COMPLETE CONSTRUCTION DIAGRAM 

so 
21. SAMPLE lNTERVAl AND DESIGNATION fOR lAB ANALYSIS 

Soil samples collected at Oto 2 feet below grade /58·34 0·21 and 12 to 14 

feet below 0 rade 'SB·34 12·14) 

22. DISPOSITION IF NOT A WHl. BACKFILLED WITH 

OF HOLE 

lJSCS DEPTH 

LOG (FTI 

!•) (b) 

0-1' 

3-4' 

48 

5-6' 

&-9' 

10-11' 

11-13· 

Cumngs 

DESCRIPTION OF MATERIALS 

1,1 
Tan fjne SANO 

Brown med,um-f,ne SANO with little gravel 

--- --
Gray line SANO 

.. - ------ - -----
Dark brown f,ne ;AND 

Dark brown hne SAND 

Red and wh,te CLAY 

G,ay-b,own fine SAND, mom 

Gmy,brown /me SAN_D: mo,_st _ 

Red and brown ClAY 

~_3:1_4 __ _ 

14-15" Dark gray ClAY, wet 

Borehole te1m,nared m J 5 feet below grade 
-
-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-

PROJECT 

CRISTAL USA FACILITY 

2. DRILL SUBCONTRACTOR 
GSI M;d.Atlantic, Inc 

HOLE NUMBER 

8. MANUFACTURER'S DESIGNATION OF DRILL 

GEOPROBf 782201 

10. SURFACE HEVATION AND CONDITIONS 

SKEET SHUTS 

1 of 1 

Gravel southwe,t po,tion of the Batch Attach lagoon 

12. DATE AND TIME STARTED 

4/7/15 10·30 

13. DATE AND TIME COMPLCTfD 

4/7/1510-45 

15 DEPTH GROUNDWATER ENCOUNTERED 

" 17 DEPTK TO WATER AND ELAPSfD TIME ADER DRILLING COMPlETfD 

" 19. OTHER WATER LEVEL MEASUREMENTS (SPECIFY) 

" SAMPLE TYPE 
GRAB 

I
SAMPlE INT£RVAl AND OESIGNAT!ON FOR FlHD SCRHNING ANALYSIS 

fvery 2 feet (approximate) for VOCs with a PIO 

23. GWLOGIST 
Kathenne Christensen 

ANALYTICAL DEPTH RECOVERY 

DIRECT READING {di SAMPLE O[SIGN {FT) % 

"' Depth of 
{ppm) Readmg lel l'I l<I 

M 0-2' 
SB·34 0·2 (one 8 o,. so,1 Jar) 

OS '' 90% 
... 

u ~·6' 

........•.•.... 
o., 6·S' 

75% 

o.s 8-10' 

o., 10.1,-... 

o., l2·l4' SB-34 12-14 lor.e 8 o,. so,I Jar). DUP-1 90% 

B 
.. 

'' 14-1~ 

HOLE NO 

SB-34 

SCREENING ANALYSIS 

VO(s 

REMARK5 

Na v,«10/ ev,denc~ of stamm9 ar 

odor ob,erved 

No v"uol evidence of stmnm9 or 
oaor observed 

No v,s~al evidence af stmmng Of 

odor observed 



SOIL BORING toG 

1 COMPANY NAME 
URSAN GREEN ENVIRONMENTAL, LLC 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 

Don Marchese 
9. SIZES ANO TYP!:S OF ORilllNG ANO SAMPLING EQUIPMENT 

2 in.• S ft. macro,ore 
Tl'Pf OF LINER USED, IF APPLICABLE 

HOPE 

1 DRlll SU8CONTRACTOR 
GSI M1d-Atlanllt, Int 

HOUC NUMBER 

8 MANUFACTURER'S DESIGNATION OF DRILL 

GEOPROBE 78220T 
10. SURFACE HEVATION AND CONDITIONS 

S8·35 

Asphall PWAN/SWAN access road 

SKEET SKHTS 
1 of 1 

11 DIRECT READING PARAMETERS 

PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 
12. DATE ANO TIME START to 

4/2/15 7:30 

13. DATE AND Tl Mt COMPLEHO 

4/2/15 7:50 
14. OVERBURDEN THICKNESS 

~1s· 
16. DEPTH DRILLED INTO ROCK 

" 18. TOTAL DEPTH Of HOU 

ff 

20. WEll lNSTAllED' If 50 COMPLEH CONSTRUCTION DIAGRAM 
YES, TEMPORARY 

15. DEPTH GROUNDWATER ENCOUNHRED 

H 
17. DEPTH TO WATER AND ELAPSED TIME AHER DRILLING COMPLETED 

" 19 OTHER WATER LEVEL MEASUREMENTS (SPECIFY) 

" SAMPlt TYPE 
CMS 

21. SAMPLE INTf/lVAl AND OESIGNA noN fOR LAB ANALYSIS ,,!SAMPLE INTERVAL AND DESIGNATION FOR FIELD SCRHNING ANALYSIS. 

Sm! ,ample, collecteO at O lo 2 feet below grade (SB-35 0·2] and 9 to 11 fee! 

below, rade (5B-3S 9-11' Every 2 feet {approximate) for V0(.1 w,th a PIO 
22. OISPOSITIOr. 

OF HOLE 

US(', DEPTt-l 

LOG "" l•I '" 0-0.S' ,. 
0.5-2' 

l-4' 

4-5' 

HHS' 

PROJECT 

IF NOT A WHl, BACKFILLED WITH: 
Cultmgs 

DESCRIPTION OF MATERIALS 

(c) 

Asphalt 

~'-~-~~ t_o_~~'._k_ brown coa'.se SANO and_ g__r~_v;:~ 

Ltght brown medium-fine SAND with httle gr.ivel 

Red sandy CLAY 

Red-brown san,Jy CLAY, moast ~t base 

G,ay CLAY, moist, wet 11 to 1~ le~I 

- :~;:;::;;;;::;,::r~;:~~;~~t~~~ ;::t;, ~;;;;: :~;~;e:: of tusmg to 

- ground surface 

--
-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-

-
-
-

-
-
-

CRISTAL USA FACILITY 

DIRtC f READING (di 

,o, Depth of 

lppm) Reading 

LO 0-2' 

o, 2·4' 

o.s 4-6' 

o., 6-&' 

u 8-1{) 

o; 10-12 

o., 12-14' 

00 14-1$' 

HOU NO 

23. GEOLOGIST 

ANALYTICAL 

SAMPLE DESIGN. 

"' 
SB-35 0-2 {one 8 oz so;I jal), DUP-12 

SB-35 9-11 \cne 8 oz. soil Jar I, 

MS/MS0-06 

Katherone Chnsten;en 

DEPTH RECOVERY 

IFTI % 

Iii ,,, 

75% 

100% 

SB-35 

SCREENING ANALYSIS 

voes 

REMARKS 

No vtsua/ evidence of <taining or 
odor observed 

No vrwa/ ev,dence of staining or 

odor observed 

No v,rnol evidence of s/'11n111g a, 
odor ob,e,ved 



SOIL BORING tOG 
1. COMPANY NAMf 

URBAN GRHN tNV!RONMtNTAl, LLC 
3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 

Don Marchese 

9. SIZES AND TYPES OF DRILLING AND SAMPLING EQUIPMENT 

2 ,n., S ft. macro,ore 

rn"PE 0. UNER USED, If APPLICABLE 

HOPE 
11. DIRECT READING PARAMETERS 

PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 
14. OVERBURDEN TKICKNfS5 

>11' 

16. DEPTH DRILLED INTO ROCK 

" 18. TOTAL DEPTH OF HOLE 

n' 
20. :Ell INSTALLED' ( SO COMPLETE CONSTRUCTION DIAGRAM 

2. DRILlSUB.CONTRACTOR 

GSI Mid,Allantic, lnc. 

IHOl[ NUMBER 

8 MANUFACTURER'S OfSIGNATION OF DRILL 
GEOPROBE 7B2lDT 

10. SURfACf HEVATION AND CONDITIONS 

SB-36 

SHEET 

Asphalt Near Landfill access road 

12. DATE AND TIME STARTED 

3/30/15 10-45 
1S. DEPTH GROUNDWATER ENCOUNTERED 

" 

13. DATE AND TIME COMPLETED 

3/30/15 11-os 

17 DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED 

19. OTKER WATER lEVH MEASUREMENTS (SPfCIFY) 

SAMPLE TYPE· 

GRAB 

>Hff!S 

1 of 1 

2L SAMPLE INTERVAL AND DESIGNATION FOR LAB ANALYSIS "l'SAMPLE INTERVAL AND Dl:SIGNAT!ON FOR FIELD SCRHNING ANALYSIS. 

So>I sample, collected at O lo 2 feet below grade {SB-36 0-2) and 9 to 11 feet 
below erade (58-36 9·11\ Every 2 feet (approximate) for VOCI w,th a PIO 

SCREENING ANALYSIS 

voe, 
22. DISPOSITION 

OF HOLE 

uses f ofPTH 

LOG (FT) 

l•l (hi 
0-05' 

0.5·2' 

2·2.5' 

2.58 

9.5·10' 

10·11' 

-
-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

PROJECT 

If NOT A WELL, BACKFILl[D WITH 

Cutting; 

DESCRIPTION OF MATERIALS 

kl 

Asphalt 
---------· 
Fill {Brown coar<e sand and g,avell 
---·---···----·-
Fill {Fine gratned gravel}, mo.st 
-------------

Red and wfi,te CLAY 

Red and while CLAY, compacted 

Red CtAY 

Red and wh,te CLAY, compacted 

Dr1/lm9 refusal ar 11 fee! below grade, borehole termmated 

CRISTAL USA FACILITY 

.. 

DIRECT READING (di 

voe Depth of 
(ppm) Reading 

o.s 

4-6' 

&·8' 

u 

23. GlOLOGIST 

ANAl\'TICAl 

SAMPlE DESIGN 

l•I 

58-35 0-,2 lone 8 ot.. soil J•rl 

10·11' SB·35 9·11 (cne 8 o,. ,o,l 1ar). DUP· 

"' 

I 
1-JOLENO 

Katherine Chds1ensen 

DEPTH RECOVERY 

(fT) % 

IIJ {g) 

100% 

SB-36 

REMARKS 

swm,ng and ,i,gh! petroleum 

odor from 2 to 2-5 fe~I 

No v1,-~ol ev,dence of .<1oinmg or 

odor observed 

No v1suoi evidence of .<tmnmg or 

odor ob,erved 



HOLE NUMBER 
SOil BORING lOG SB-37 
1. COMPANY NAME 2. DRlll SUBCONTRACTOR SHHT SHEETS 

URBAN GRHN [NVIRONMENTAl, UC GSI Mid-Atlantic, Inc 1 of 1 
3. PROJECT ! CRISTAL U5A FACILITY 
7. NAME Of DRILLHI 8. MANUFACTURER'S DESIGNATION OF DR Ill 

Don Marchese GWPROBE 78220T 
9. SIZES AND TYPES OF DRILUNG AND SAM PUNG EQUIPMENT 10. SURFACE ELEV/1.TION AND CONDITIONS 

2 in. x S ft. macrocore 
YPE OF UNER USED, IF APPLICASLE Asphalt At end of road near the prior t;tamum ore storage 

HOPE 
11 DIRECT READING PARAMETERS 11 DATE ANO TIME STARTED !B- OAH AND TIME COMPLETED 

PIO /TOTAL VOC5 / 11.7 EV/ MINIRAE 3000 4/1/lS 13:IS ' 4/1/15 13:35 
14 OVERBURD£N THICKNt5S 15 DEPTH GROUNDWATER ENCOUNTERED 

~1s· " 16. DEPTH DRILLED INTO ROCK 17 DEPTH TO WATER AND ELAPSED TIME AFTER DRllllNG COMPlHED 

" " 18. TOTAL DEPTH OF HOLE 1S. OTHER WATER LEVEL MEASUREMENTS (SPECIFY) 
,;· 

" 20 WELL INSTALLED' IF SO COMPLETE CONSTRUCTION DIAGRAM SAMPLE TYPE 

" GRAB 

21. SAMPLE INTERVAL AND DESIGNATION FOR lAB ANALYSIS lSAMPlE INTERVAL AND DES1GNAT10N FOR F!HD SCREENING ANALYSIS SCREENING ANALYSIS 

so,I samples collected at Oto 2 feet below grade (SB-37 0-2) and 13 to 1S 
foe! below nrade {SB·37 13-lS) Every 2 feet (apprax,mate) for VOC< with a PID voe, 
22. DISPOSrTION ff NOT A WELL !!ACK Fill ED WITH B GEOLOGIST 
OF HOLE Cutting, Katherine Christensen 

ANALYTICAL DEPTH RECOVERY 
uses DEPTH DESCRIPTION Of MATERiAl.'> DIRECT READING (d) SAMPLE D[SiGN. IFTi % REMARKS 

WO im ,o, Depth of 
lal (o( 1<1 jppn,J Reading ,,1 l!I 1,1 

0-0.5' Asphalt 
- - -------- - --

,., 0-2' 
SB-37 0-2 (one 8 oi. soil Jar) 

O.S-2' Brown coarse SAND ai,d gravel 
---- - ··--·---- --

100% 
No muo/ ewdence of stoining or , .. 2-4' 

odor observed 
2-5" Red-purple CLAY 

" 
,_, 

5-7' Red,pwrpl~ CLAY 
u ,_, 

-·-· 
100% 

No virno/ evidence of staining or 
odor observed 

7-10 Red and wh,te CLAY , .. /HO 

I u 10-12 

' 
10-15 Da,k red Md whne CLAY u 12-H 100"), 

No rnuo/ evidence of siammg or 
odor ob,erved 

SB-37 13-lS (one 8 o,. ,011 Jar) 
u 14-15 

- Borehole termmoted ot 15feet below grade 

I 
. 

-

- I 
I -
i 

-

I -
- I 

-

- I 
-
-

---

-
-
-

---

PROJECT HOLE NO 

CRISTAL USA FACILITY 59.37 



lsOIL BORING LOG 

IHOLE NUMBER 
SB·38 

l. COMPANY NAME 
URBAN GREEN HIVIRONMENTAL LLC 

2. DRILL SUBCONTRACTOR 

GSI Mid-Atlantic, Inc. 

5HfH SHHT5 
l of 1 

3. PROJECT 

CRISTAL USA fACILIT'f 
7. NAME OF DRlllER 

Don Marchese 
9. SIZES ANO TYPES OF' ORllUNG ANO SAMPLING EQUIPMENT 

2 m. • 5 ft macrocore 
tyPt Of' LIN£R USED, IF APPUCABll 

HOP!: 
11 DIRECT READING PARAMCTERS 

PIO/ TOTAL voes/ 11.7 EV/ M!NIRAE 3000 
14 OVERBURDEN THICKNESS 

>20' 

16. DEPTH DRILLED INTO ROCK 

" 18. TOTAL DEPTH OF HOLE 

" 20. :;ll lNSTAlLED' ( SO COMPLH£ CONSTRUCTION DIAGRAM 

8. MANUFACTURER'S DESIGNATION OF DRILL 

GfOPROBf 78,20T 

10. SURFACE ELEVATION AND CONDITIONS 

Concrete· Ramp to %,000-gallon sodium hydroKlde aboveground storage tan\: along the southwestern pomon of the 
Upper Ba,;n 

12. DATf AND TIME STARHO 

4/1/1511-40 

1S. DEPTH GROUNDWAT£R ENCOUNTERED 

" 

13. DATE AND TIME WMPlfHO 

4/1/1512 20 

17. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPlETED 

19. OTHER WATER LEVEL MEASUREMENTS (SPfCIFY) 

" SAMPLE TYPE· 

GRAB 

21. SAMPLE INTIRVAL AND DESIGNATION FOR LAB ANALYSIS 

Soil samples collected at Oto 2 feet below grade (SB·38 0-21 and 13 to 1S 
feet below e,ade (SB-38 13-151 I

SAMPlt INTERVAL AND DESIGNATION FOR flELO SCREENING ANALYSIS 

Every 2 feet (approx,mate) for VOC, w1th a PID 

SCREENING ANALYSIS 

voes 
22. DISPOSITION 
Of HOLE 

IF NOT A WHl, BAC~FlllED WITH 
Cumngs 

uses /omH 
lOG iFTI 

DESCRIPTION Of MATERIALS 

la) {b) 

0-0.5' 

0.5-S' 

5-10' 

10-15' 

15-20 

Concrete and gravel 
- -------

Red and wh,te (lAY 

Red, white and purple CLAY 

Red and white ClAY 

Red and wh,!e CLAY 

The <01/ i>onng wo, robe completed w,rh a rempo1ory graundwmer 
- monitoring well; no ev"Jence of wot er wo, ob,en•ed ot 15 fee• be/ow 

- grade, so the borehole was: exrended ro 20feet Due to dense cloy from 

- 0.5 !0 20feetand no evidence of worer. the borehole wos tenn,Mted ond 

e-----O'no we!/ wo, m,rol!ed. 

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

PROJECT 

CRISTAL USA FACILITY 

DIRECT READING ldl 

voe Depth of 
{ppm) Read mg 

,s 0-?' 

l.1 

4-6' 

8-10' 

" 10-12 

12-1~' 

1.6 14-16' 

16-18 

18-20' 

HOLt NO 

23 GEOLOGIST 

ANALYTlCAl 
SAMPLE DESIGN 

S6-380-2{one8o, sm1Jar,lwo4 

'"· so,I Jars and encores) 

SB-38 13-15 lone 8 o, soil Jar, twc 4 
o,. so,I jars and encores) 

I 

I 

Katherme Chnstensen 

DEPTH RECOVERY 

!FT) % 

(I) {g] 

75% 

100% 

100% 

100% 

58-38 

REMARKS 

No ,i,~a/ e,•,dence of stain mg or 

odor observed 

No vis~ol ev,dence of ,iom,ng c,r 

odor observed 

No vis~a/ evidence of s:rammg or 

odor ob,erwd 

No v,suol evidence of S!ammg or 

odor ob.<erved 



HOLE NUMBER 

SOil BORING LOG S8·39 
1. COMPANY NAME 2. DRlll SUBCONTRACWR Sl-!EET SHHTS 

URBAN GRHN £NVIRONM£NTAL, LLC GSI Mid·Atlant,c, Inc. ' ,, ' 3. PROJECT 

CRISTAL USA FAClllTY 

7. NAME OF ORILLEII 8 MANUFACTURER'S DESIGNATION 01' DRILL 

Oon Marchese GE0PROB£ 7B22DT 

9. S12£S ANO TYPES OF DRILUNG AND SAMPLING EQUIPMENT 10. SURFACE ELEVATION AND CONDITIONS 

2 m. x 5 ft. macrorore 

TYPE OF LINER usrn. 1, APPLICABLE Gras$ - Near 002 Neul/ali;ataon (omp~lemed A<td Waste Control System shed 

HOPE 

11. DIRECT READING PARAMETERS 12 DATE AND TIME STARTED 13 DATE AND TIM[ COMPLETED 

PIO /TOTAL voes/ 11.7 EV/ MINIRAt 3000 4/1/15 1;1,30 4/7/1512.55 

14. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER £NCOUNTERED 

>1S' " 16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WATER AND HAPSED T!ME AFTER DRILLING COMPLETED 

" " lB. TOTAL DEPTH OF HOLE 19. OTH!'R WATER LEVEL MEASUREM£NTS {SPECIFY) 

15' " 20. WELL INSTAtlED' IF SO COMPLETE CONSTRUCTION DIAGRAM SAMPlETYPE 
,o GRAB 

21. SAMPLE INTERVAL AND DESIGNATION FOR LAB ANALY51S 15AMl>LE INTERVAL AND DESIGNATION FOIi FIHD SCREENING ANALYSIS SCREENING ANALYSIS 

Soil sampl.,, collect"'d al Oto 2 feet below grade ISB-39 0-2) and 13 to 15 

eet below grade jSB-39 13-15) Every 2 feet (approximate) for VO Cs with a PIO voes 

22. DISPOSITION IF NOT A WHL, BACKFILLED WITH 23. GEDLOG!ST 

OF HOlE Cuttings Katherine Chn,tensen 

ANALYTICAL DfPTH RECOVERY 

uses DEPTH DESCRIPTION 0~ MAHRIAlS DIRECT READING ldl SAMPLE DESIGN (IT( % REMARKS 

'°" (IT) "' Depth of 

l•I '"' 1,1 !ppm) Readmg (el '" 1,1 

"' B;own sandy CLAY and gravP.I H 0-2' 
58-39 0-2 (one 8 oi. ;o,I ;ar, two 4 

o,. soil jars and encores) No v1rno/ evrdeflce of stomm9 or 

'' " 75% 
'; Red, orange and tan CLAY odor observed 

u " 
" '' I 

5-10 
No v1rnal evidence of stoinm9 or 

Red, orang~ and tan (lAY 100% 
odor observed 

rn 8-10' I 

I 

" J.0-12 
----,--

' 
10-15' Red. orange and tan CLAY '" ll-14 

>8-39 B-15 (one 8 o,. so,I J"'- two 41 
100% 

No vrsua/ evidence of stommg or 

odor observed 

o, soil 1ars and encores) 
Le 14-15 

The so,/ bormg wo, to be completed with a temporary groundwa!er 
- momtorm9 well; due to d1ffcu!t dnl/mg cond1(10M_ dense day from J to 15 
- l,eet a!ld no evidence of wot er_ the borehole wo< termmoted at 15/eel 

- below grode and no we!/ wo< ,,r;to//ed 

-

- I -
I -

-
-
-

' 
-
-
-

-

I 
-
-
-
-
-
-
-
-
-
-
-

PROJECT HOlE NO 

CRISTAL USA FACILITY S8·39 



SOIL &OIi.iNG lOG 
1. COMPANY NAME 

URBAN GRHN ENVIRONMENTAL, LLC 

3. PROJECT 
CRISTAL USA FACILITY 

7. NAME OF DRILLER 

Don Marchese 
9. SIZES AND TYPES OF DRILLING AND SAMPLING EQUIPMENT 

2 in., 5 fl. macrocote 

2. DRILL SUBCONTRACTOR 

GSI Mid-A!lantk, Inc. 

B. MANUFACTURER'S DESIGNATION OF DRlll 

GEOPROBE 78.22Dl 

10 SURFAC£ EL(VATION AND CONDITIONS 

SB·40 

SHEET SHEETS 
1 of 1 

rYPE OF LINER U)fD, IF APPLICABLE 

HOPE 

Gravel - Along the south em ponion of the oil/watet sepernlor gieen mckup, located near the Ga, Turbines 

11. DIRECT READING PARAMETERS, 

PIO /TOT Al VOCS / 11.7 EV/ MINIRAE 3000 

14 OVERBURDEN TH!CKN(SS 

~10· 

12. DATE AND TIM£ STARTED 

4/3/15 10:15 

15. DEPTH GROUNDWAHR ENCOUNTERED 
s· 

1
·13 DATE AND TIME COMPLETED 

4/3/15 10·40 

16. DfPTH DRILLED INTO ROCK 

" 
17 DEPTH 10 WATER AND ELAPSED TIM( AFTER DRILLING COMPl£TED 

18. TOTAL DfPTH OF HOLE 

W' 

19. OTHER WATER lEVEl MEASUREMENTS {SPECIFY) 

SAMPLE TYPE 
GRAB 

21: SAMPLE INTERVAL AND DESIGNATION fOR LAB ANALYSIS ,rAMPlf INTfRVAl AND DESIGNATION FOR f-lELD SC. RHNING ANAt YSIS. 

so,I samples collected al 3 10 5 feet below grade ISB,40 3-5) and 8 to 10 feet 
below grade ISB-40 B-101 Every 2 feet (app,ox,mate) for VO Cs w,th a PIO 

22. DISPOSITION IF NOT A WEll. SACKFILLED WITH 23. GEOLOGIST 

Of'HOlf Cuttings 

uses ,~EPTl-1 

LOG {FT) 

DESCRIPTION or MATERIAlS 

(a) lbl 

0-3' 

PROJECT 

1,1 

fill (pea g,a,·eli 

---··-
Brnwn sandy CLAY and gravel 

Red-brown sand\· ClAY and gravel, wet 

A ;ec:and banng was ,e, 1mmed,ate!y ad1ocen1 !o the f,rst barmg ta get 

- mote ;oil Jot sample collect.on. TM Oto 5 jaal care was the Jome, 

- however the 5 ta 10 jaor care cons/Sled of hgh( !an ro wh,(e st,cky loom 

- /proces< waste>), per £A, collected ,.,b,urface sample from bose oft hr< 

_care 

/lorehole urmmaled al 10fu1 Mlaw grade; placed 1empora1y 

--

- 9raundwater mamtonng well with 5 feet of screen und S feet of rn,mg ro 
- ground surface 

-
-

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

CRISTAL USA FACILITY 

DIRECT READING• Id) 

voe Depth of 
(ppm) Reading 

" 0-l' 

s, 2-4' 

4-6' 

'' 
8-10' 

HOLE NO 

ANALYTICAL 

SAMPLE DESIGN 

(e( 

SB-403-$ione8oi soi1Jar,two4 
o, S<HI Jars and en,ores) 

SB·40 8-10 lo~• 8 o!. ,ml Jat, \WO 4 
o, ,o,I jars and encores) 

Kathenne Chnstensen 

I DEPTH RECOVERY 

(IT( % 

' 
(I( 1,1 

25% 

50% 

I 
SB-40 

SCREENING ANALYSIS 

voe, 

REMARXS 

No V1swal ev,dence af stmnu,g or 

odor observed 

No v,,wai ev,dence of ,rmn,ng or 

odor obsecved 

Na v,wol ev1dcnre of slamrng or 

ado, observed m second 

barel,ale 

'Ram and h~m,d,ty moy be 

afjecrmg the P!D 



SOIL BORING LOG 
1. COMPANY NAME 

URBAN GREEN ENVIRONMENT Al, I.LC 
3. PROJECT 

CRISTAL USA FACILITY 
7. NAME OF OR!UER 

S. SIZES ANO TYPES OF ORllllNG ANO SAM PUNG EQUIPMENT 
2 ;n., S ft. macrocore 

TYPE Of UNER USED, IF APPL!CABlE 

HOPE 
11 DIRECT READING PARAMETERS 

PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 
14. OVERBURDEN THICKNESS 

>17' 

16. DEPTH ORILLl;O INTO ROCK 

" 18 TOTAL DEPTH OF HOLE 

ff 

20 :Ell lNSTAllED' ( SO COMPLETE CONSTRUCTION DIAGRAM 

21. SAMPLt INTERVAL AND DESIGNATION fDR LAIi ANALYSIS 

so,I samples collected at Oto 2 feet below grade {SB-41 0-21 and 13 to 1~ 
fo,et below grade IS8·41 13-15) 

22. DISPOSITION IF NOT A WELL, BACKF1ll£0 WITH 
OF HOLE 

uses DEPTH 

LOG {FTI 

!•I lbl 

5-10 

10-14' 

14.17' 

Cuttmgs 

DESCRIPTION 01' MATfRIAl5 

1,1 
Red-brown CLAY with little gravel 

Tan f,n,, SAND 

Red and whole CLAY 

Red and white CLAY 

Red and wh11e CLAY 

Red and wh,te CLAY 

2. DRILL SUBCONTRACTOR 
GS! Mid-Atlantic, Inc 

HOLE NUMBER 

8. MANUFACTURER'S DESIGNATION Of DRILL 
GWPROBE 78220T 

10. SURFACE ELEVATION AND CONDITIONS 

SB-41 
SHEH SHHTS 

1 of 1 

Gravel· Prior AST area locat~d along the western port,on of the kemfra boundary fence 

12. DATE AND TIME STARTED 

4/3/15 12:10 
15. DEPTH GROUNDWATER ENCOUNTERED 

" 

B OAH ANO TIME COMPLETED 

4/3/1512:40 

17. DEPTH TO WAHR ANO ELAPSW TIME A!'HR ORILUNG COMPLETED 

" 19. OTHER WATER LEVH MEASUREMENTS !SPECIFY) 

" SAMPLE TYPE 

GRAB 

I
SAMPLf INTERVAL AND DESIGNATION fOR FIELD SCREENING ANALYSIS. 

Every 2 feet (approximate) for voes w,th a PIO 

SCREENING ANALYSIS 

VO(, 

DIRECT READING' Id) 

COi Depth of 
!ppm) Reading 

20.9 0-2' ...... 
.. 

'' 2-4' 

4-6' 

2.6 , .. 
'' 8-10' 

u 10-12' 

12·14 

o., 14-15' 

15-17 

23. GEOLOGIST 

ANALYTICAL 

SAMPlE DESIGN. 

l•I 

SB-41 0-2 (one 8 Ol. so,I jar, two 4 

o, ,o,I jars and encores! 

SB-4113-15 {one 8 ol. ,011 iar, two 4 

oz. soil Jars and encores) 

Katherine Christensen 

DEPTH RECOVERY 

IFT) % REMARKS 

)I) 1,1 

50% 5t<J1mng from 1 to 2 feet; no odor 

75% 

10()',(. 

75% 

No vi,val evidence of s!arnmg Ot 

odor observed 

No vm,ol ewdence of w,mmg or 
odor ob,erved 

No visual evidence of stmmng or 
odo, ob;erved 

- ~;·~::: ~;,,";;~:' ,
1:,:,;;:t~;/:~:::e:;,:::~:/;,:::::::~ m:~~t~:

1,\g 
•flain and hum1d1!y m<Jy be 

o/fectmg the PID 
- we//, however m no evidence a/ water was observed, no we/lwos 
_,n,w/led 

-
-
-

-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

PROJECT 1-lOl[ NO.: 

CRISTAL USA FACILITY 58-41 



SOIL BORING LOG 
l. COMPANY NAME 

URBAN GREEN ENVIRONMENTAL, LLC 

3. PROJECT 
CR!STAL USA FACILITY 

7. NAME OF ORllll;I\ 
Don Ma,chese 

S. SIZES AND TYPES OF DRlll!NG AND SAMPLING EQUIPMENT 

2 in. x Sh. maaocore 

2. ORIU SUBCONTRACTOR 
GSI Mid-Atlantic, Inc. 

!HOLE NUMBER 

8. MANUFACTURER'S DESIGNATION Of DRIU 

GEOPROBE 78l2DT 
10. SURFACE HEVATION AND CONDITIONS 

S8·42 
SHHT SHUTS 

1 of 1 

TYPE Of LINfR USfO, If APPllCABlf 

HOPE 

Gtavel - Prior uansformer area loca!ed along the western pornon of the Kem"a boundary fence 

11. DIRECT R£AD1NG PARAMETERS 

PIO/ TOTAL VOC5 / ll.7 EV/ MtNIRAE 3000 
14. OVERBURDEN TKICKNESS 

>15' 

12. DATE AND TIME STARTfD 

4/3/15 12:45 
15. DEPTH GROUNDWATER ENCOUNTERED 

13. DAIT AND TIM£ COMPLETED 

4/3/15 13.15 

l&. DEPTH DRlllW INTO ROCK 

" 
17. DEPTH TO WAHR AND flAPSl'D TIME AFTER DRILLING COMPLETED 

" 18 TOTAL DEPTH OF HOLE 
,s 

20. WEll lNSTAlLfO? IIF 50 COMrtETE CONSTRUCTION DIAGRAM 

YES, TEMPORARY I 

19. OTHER WAHR LEVH MEASIJf\[MENTS !SPECIFY) 

SAM?l[ TYP£: 

GRAB 

2L SAMPLE INHf\VAl AND DESIGNATION FOR lAB AN/llYSIS l;AMPLf INTERVAL AND DESIGNATION fOR FIELD SC. REENlNG ANALYSIS. 

Sod ,am pies collected at Oto 2 feet below grade ISB-42 0-2) and 5 to 7 foet 
below Nade (SB-42 <;-71 Every 2 feet lapprox,male) to, VOC< w,th a PID 

22. DISPOSITION If NOT A WEll, BACKFlllED WITH 23 GEOLOGIST 

OF HOLE 

uses DEPTH 

!OG IFTJ 

(al fbl 
0-0.5' 

0.5-1' 

1-5' 

5-9' 

Cutting, 

OfSCRIPTION OF MATERIALS 

1,1 

Gravel --------

Red-brown med1um-f1ne SANO 

Red-brnwn med,um-fme SAND, mo,st S 10 7 feet, saturated 7 to 9 feet 

- - - - - ----------
9-10' Red-brnwn sandy CLAY, mo,s1 

10-11 Red-b,own sandy CLAY, moist 

11-15 Red CLAY 

Borehole term11Fored at 15/eei be/aw wode, placed temporory 

- graundwote, man,tor1ng we/I wirh JO Jeer of screen and 5 fee' of co,1ng to 

- ground surface 

-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

-
-
-

PROJECT 

CRISTAL USA FACILITY 

DIR!:CT READING• {d) 

voe Depth of 
(ppm) Readm" 

2-4· 

s.s 

8-10' 

10-12' 

s.o 14-15' 

HOLE NO.; 

ANALYTICAL 

SAMPLE DtSIGN 

,,, 
SB-42 0·2 {one 8 0£. ,ml Jar) 

SB-42 5-7 ione 8 o, so,I iar) 

Kathenne Chmten,en 

DEPTH RECOVERY 

{FT) % 

l'I l<I 

75% 

SO% 

90');, 

! 

SB-42 

SCREENING ANALYSIS 

voe, 

REMARKS 

No v,rnal ev;dence of ,wmmg or 
odor observed 

No visu<>I evidence of >Wmmg or 
odor ob<erved 

No vi,ual evidence af srommg ar 

odor observed 

'Rwn and humidity may be 

affewn9 the PID 



HOlE NUMl!ER 
SOIL llORING LOG Sll-43 
1. COMPANY NAME 2. ORlll SUBCONTRACTOR SHEET SHHTS 

URBAN GREEN ENVIRONMENTAl, lLC GSI M,d-Atlantic, In( ' of 1 
3. PROJfCT 

CRISTAL USA FACIUTY 

7 NAME OF DRILLER 8. MANUFACTURER'S DESIGNAT!ON Of DRILL 
Don Maf<hese GEOPROSE 7822DT 

9. SIZES AND TYPfS OF ORllllNG ANO SAMPLING EQUIPMENT 10. SURFACE ElEVAT!ON AND CONDITIONS 
2 m., S ft. macroco,e 

YPE OF LINER USE0, IF APPUCASlE Gravd Along the southeastern pomon of the Kernita boundary fence 
HOPE 

11 DIRECT REAOiNG PARAMETERS 12. DATE AND TIME STARTED 13. DATE ANO TIME COMPLETED 
PIO/ TOTAL VOCS / 11.7 EV/ MINIRAf 3000 4/3/15 B:20 4/3/15 13:40 

14 OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED 
~1s· ,, 

16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WATER AND ELAPSED TIME AFTER ORlll!NG COMPLETED 

" " 18 TOTAL DEPTH OF HOLE 19. OTHER WATER LfVH MEASUREMENTS (SPECffYi 
,s· 

" 20 WELL INSTALLED' IF SO COMPLEH CONSTRUCTION DIAGRAM SAMPL!: TYPE 

"° GRAB 

21: SAMPLE INTERVAL AND DfSIGNATIOI\I FOR LAB ANALYSIS 15AMPLE INTERVAL AND DESIGNATION FOR FIELD SCRHNING ANALYSIS- SCRHNING ANALYSIS 

Soil samples collected at O !O 2 feet below grade {SB-43 0·21 and 4 to 6 feet 

be!owgrade {SB·4l 4-61 Every 2 feet (approx,mate) for VOCs with a PIO voe, 
22 DISPOSITION IF NOT A WEll, BACK~llLED WITH 23. GEOLOGIST 
Of HOLE Cuttings Ka!herine Christensen 

ANALYTICAL DE?TH RECOVERY 
uses DEPTH DESCRIPTION OF MAHRIALS DIRECT READING* {di SAMPLE DESIGN {Fri % REMARKS 

WC ,~, 
'°' Depth of ,., ,., ,,, (ppm] Readmg '"' '" 

,,, 
0-2' Brown medium-fine SAND and gravel 

,_, M 
SB-43 0-2 !one 8 Ol. SOIi iar) 

-- ------ - - - ,_, ---
75% 

Mmor petroleum odor ond 
15.8 ,_. 

<101nrng from 4 to 5 /ect ,.s Red-brown CLAY 

18.8 4,6' 

1
s-&' Red·brownClAY 

,,_,_,_, SB-43 4-6 (<me 8 a, sail Jar), D\JP,09 
6-T Gray-brawn s,lty ClAY. we! 15.4 6-8' 

60% 
Mmor petroleum odor and 

swmwgfrom 5 to 6 feet 
7-10' Reci-o,ange sandy CLAY, mo,st 12.1 8·lC' : 

12.:1 10-12 I 
l 

10-14' Brown sa~dy CiAY, rno<st No vi,ua/ evidence of <Win mg or 
ll.6 12-14' 75% 

odor ob,erved 

14·15' Red (LIIY, rno1,1 lO l 14-15' 

Borehole termrnoted or JS feet below gr ode -
- •Rarn and hum1d,ty mav be 
- ' olfectmg rhe PW 

I - I 

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

PROJECT HOU: NO 

CRISTAL USA FACILITY SB-43 



Oil BORING LOG 
1. COMPANY NAME 

URBAN GREEN ENVIRONMENT Al, LLC 

3. PROJECT 
CRISTAL USA FAClll"IY 

7. NAME OF DRILLER 
Don Mard,e,~ 

!!. Sl2€5 ANO "IYPts OF DRILLING AND SAMPLING f.QUIPM[NT 

2 ,n. • S ft. macrocore 

2. DRILL SUBCONTRACTOR 

GSI Mid-Atlantk, Inc. 

HOlf NUMBER 

/!. MANUFACTURtR'S DESIGNATION OF DRILL 

GEOPR08E 7B22DT 
10 SVRfACt ELEVATION AND CONDITIONS 

SB-44 

SHfET SHEETS 

1 of l 

TYPE Of LINER USED, IF APPLICABLE 

HDPE 

Gravel· Near southern pomon of the Kem;,a boundary fence and Batch A Hach lagoon 

11. DIRECT READING PARAMETERS 

PIO/ TOTAL voes/ 11.7 fV / M!NIRAE 3000 

14. OVERBURDEN TKICKNESS 
~1s· 

12. DATE ANO TIME STARTED 

4/3/15 13.45 

15. DfPTI-J GROUNDWATER ENCOUNTERED 

w 

13. DATE ANO T!ME COMPLETfO 

4/3/1S 14:0J 

16. DEPTH DRILLED INTO ROCK 

" 
17. DEPTH TO WAHR AND HAPSfO TIME AFTER DRILLING COMPLETED 

18. TOTAL DEPTH OF HotE 
,s· 

20 :;lL INSTALLfO? I" SO COMPLETE CONSTRUCTION DIAGRAM 

19. OTHER WATER LEVH MEASUREMENTS (SPECIFY) 

SAMPU: TYPE· 

""'" n· SAMPLE INHRVAt AND DESIGNATION fOR lAB ANALYSIS .!SAMPLE IIHfRVAL AND DESIGNATION FOR FIELD SCRtf:NING ANALYSIS 

Soil samples collected at Oto 2 feet below grade ISB-<M 0-2) and S to 1() feet1 
below grade (5B-44 /!·10) I Every 2 feet (approximate) for VO Cs with a PIO 

22. DISPOSITION IF NOT A WELL, BACKFILLf.0 WITri 23. GEOWGIST 

Of Hott Culling, 

ANALYTICAL 

uses DEPTH DESCRIPTION or MATERIALS DIRECT READING' {d) SAMPLE DESIGN 

WC '"' '°' Depth of 

la( '" (c) (ppm) Readina (a( 

" 0-2" 
5B·44 0-2 (one 8 o,. so•I 1arl 

0-3' Re<i-brown sandy CE.AY 

" 2-4' 

3.3.5' Wh,te loamy SAND 
. . " ------~- -- -- - - --- - - ------ ... 

3.S·S' Gray loamy SAND 10.S 4-6' 

S 5-6' Brown ftne SAND ,. 6-S' 

6-9' Red-brownO.AY 

10.1 8-10 
SB-44 8-10 lone So, ,011 Jar) 

9·10' Brnw~ fine SANO 

12.7 10-12' 
10-11' Brown ftne ;AND, we< 

12·14.S' '" 12-14' 
Red-wh,\e CLAY, wet horn 12 to B feet 

. ... . + . ---------
.. ·······-

14.S-lS' Dark grav CLAY ,so 14-lS 

Borehole terminated al 15 feet below grod~ -
-
-
-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-

-
-
-

PROJECT KOLE NO 

CRISTAL USA FACILITY 

Ka1henne Chnstensen 

DEPTH RECOVERY 

IFT) % 

1/( '" 
75% 

SO% 

I 
58-44 

SCREENING ANALYSIS 

voes 

REMARKS 

No visual evidence of ,ro,f\jng or 

odor observed 

No vi<~a! evidence of ,rmn,ng or 

odor observed 

No vis val ev,denc~ of <tammQ or 

odor ob,erved 

"Ro1n ona humidity may b~ 

aff~ct.ng the PID 



S0ll 80RtNG lOG 

l. COMPANY NAME 

URBAN GRUN ENVIRONMENTAL, llC 
3. PROJECT 

CRISTAL USA FACILIT!' 
7. NAME OF ORILL!:R 

Dtin March.,,e 

9. SIZES AND TYPES OF ORILUNG ANO SAMPLING EQUIPMENT 
2 ;n, x 5 ft macrocore 

2 DRlll SUBCONTRACTOR 

GSI Mid-Atlantic, tnc 

HOLE NUMBrn 

S. MANUFACTURER'S DESIGNATION OF DRILL 

GEOPAOBE 7822DT 
10. SURFACE ElEVAT!ON AND CONDITIONS 

SHEET SHEETS 

1 of 1 

Y?E OF LINER USE0, IF APPLICABLE 
1-lDPE 

Grass - Berm located between the Batch Attach lagoon and the PWAN/SWAN area 

11. DIRECT READING PARAMETERS· 

PIO /TOTAL VOCS / 11.7 EV/ MINIRAE 3000 

14. OVERBURDEN THICKNESS 
>15' 

12. DATE AND TIME STAR.TEO 

4/7/15 9:40 
15. DEPTl-l GROUNDWATER ENCOUNTERED ,. 

13. DATE AND TIME COMPLETED 

4/l/15 10:10 

16. DEPTH DRILLED INTO ROCK 

" 
17 DEPTl-l TO WATER AND ELAPSED TlME AFTER DRILLING COMPLETED 

" 18. TOTAL DE?TH OF HOU 

" 20. WHL INSTALLED' IF SO COMPLETE CONSTRUCTION DIAGRAM 

'° 

19 OTl-!ER WATER LEVEL MEASUREMENTS {SPECIFY) 

SAMPlE TYPE: 

GRAB 

21: SAMPLE INTERVAL ANO DESIGNATION FOR LAB ANALYSIS ' !SAMPLE INTERVAL AND DESIGNATION FOR FIELD SC. REENING ANALYSIS 
so,i ,ample; collected at Oto 2 feet below grade (SB·45 0·21 and 2 to 4 leet 

below grade 1SB·4S 2-4) Every 2 feet (appro~,mate) for VOCs with a PIO 
22. DISPOSITION If NOT A WEll, BACKFllLtO WITH n. GEOLOGIST 
OF HOLE 

uses DEPTH 

LOG (FT) 

[a[ 

PROJECT 

0-05' 

0.5-4' 

' 4-5" 

5-(> 

6-10 

10-14 

14-15' 

Cuttings 

DESCRIPTION OF MATERIALS 

,,, 
-
- Dt11/mg refusal wa, encountered 01 frve fur below grade on oomble rock 

- or concrete; moved sot! bar,ng apprnxrmotely 2 feet W the we,t 

-

Red-brown CLAY 

... 
Gray CLAY, wet 

Gray CLAY, wet 

Red and brown ClAY, moist 

Red ~nd brown ClAY, moist 

...... 
l,~ht brown medtum-f>ne SAND, mo,st 

_ Borehole terminated o/ JS feet below grade 

-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

-
-
-

CRISTAL USA FAC!lllY 

DIRECT READING Id) 

"' Depth of 
(ppm) Readm~ 

2-4' 

4-6' 

6-8 

'" 
10-11' 

12-14' 

HOU NO 

ANALYTICAL 

SAMPLE DESIGN 

[a[ 

SB-4; 0-2 (one 8 o,. so,I Jar, two e. 
o,. soil 1ar; and encores) 

SB,45 2-4 Ion~ 8 o, soil Jar, two 4 o, 

SOLi Jars and encores) 

Katherine Christensen 

DEPTH RECOVERY 

[IT[ % 

'" 
,,, 

50% 

SO% 

S8-45 

SCREENING ANALYSIS 

voe, 

RfMARKS 

No vJ<uol ev,dence af perrokum 

sr111mn9 or odor observed, rnlfur 

odor ab,erved from 4 ro 5 feet 

No VIS~a! evidence of petroleum 

,wmrng or odor ab,erved; sulfur 

odor observed from 5 to 6 feel 

No visual evidence of staining or 

odor ob,e,ved 



150ll 80RING LOG 

!HOLE NUMBER 
SB·46 

1. COMPANY NAME 2. ORllt SUBCONTRACTOR SHffT SHEETS 

URBAN GRHN ENVIRONMtNTAl, llC GSI Mid-Atlantic, Int. ' 
,, 

' 3. PROJECT 

CRISTAL USA fAC!LITY 

7. NAM[ OF DRILLER 8. MANUFACTURER"$ DESIGNATION or DR Ill 

Don Marchese GEOPROBE 7822DT 

S. 512£5 AND TY/>£$ Of DRILLING AND '>AMPllNG EQUIPMENT 10. SURFACE HfVATION AND CONDITIONS 

2 in. x S ft. macrncorn 

TYPE Of LINER USED, If APPLICABL£ G,a~el Along the southwestern po,1;on of the M,ddle Basm 

HOP[ 

11. DIRECT READING PARAMETERS 12. DATf AND TIME STARTED 13. DATE AND TIME COMPLETED 

PIO/ TOTAL voes/ 11.7 EV/ MIN!RAE ~000 4/8/1512 15 4/8/15 12:35 

14. OVERBURDfN TKICKNESS 15. Dff>TK GROUNDWATER fNCOUNTERED 

~1s' ;;· 

16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WATE~ ANO ElAPSl:D TIME AHER DRILLING COMPlCTED 

" " 18. TOTAL 0£PTK Of HOl[ 19. OTHER WATER LEVEL MEASUREMENTS ISPECIFY) ,,. 
" 20 WELL INSTALLED' llr SO COMPLETE CONSTRUCTION DIAGRAM SAMPLE TYPE 

,o GRAB 

21. SAMPLE INTERVAL ANO DESIGNATION fOR lAB ANALYSIS · 1SAMPLf IIHlRVAL AND DESIGNATION fOR FlfW SCREENING ANALYSIS. SCREENING ANALYSIS 

Soil ,ample, collected at Oto 2 feel below g,ade {SB-46 0-2) and 10 lo 12 

feet below orade ISB·46 10·121 £very 2 feet (approx,m~te) for voe, w,th a PID ,oc, 
22. DISPOSITION IF NOT A W[Ll, BACKFllLED WITH 23. GEOI.OGIST 

OF HOLE Cumngs Katherine Chm!ensen 

uses IDEPTH 

ANALYTICAL DtPTH RfCOVfRV 

DfSCRIPT!ON Of MAT£RIAL5 DIRE(T READING (di SAMPLE DESIGN (nJ % REMARKS 

LOG (FT) ,o, Depth of 

l•I '"' 
,,, (ppm) Readin· le( '" 1,1 

0--1' Brown sandy CLAY and !':ravel 05 0-2' 
-- --- ---- SB,46 0·2 lone 8 o,. so,I Jar I 

o., '' 75% 
No v1suol evidence of ,roinmg or 

1-5" Red 10 brown ClAY odor observed 

LO 4-6' I 
oe 6-8' I 

S-1[)' Redtob,owr.CLAY ~0% 
No v,suoi ev,rience of ;ram mg 01 

odor observed 
05 B-10 

10--12' Red, white and purple CLAY 
0.3 10-12 

SB-46 10-12 l<>ne 8 o,. soil 1ar) 

I ··--·--·-·· ' ... I No visual evidence oj.,to,nrng or 
12-13' 

-·· 
Red and purple ClAY, we! 

-- "-' 12-14' 

I 
7St: 

odor observed 

B-15' RedandtanClAY 
00 14-1$ I 

Borehole termmmcd o! 15 f~N bdow 91ade -
-
-
-
- ' I 
- I ! 

-

-
-
-
- I -
-

-
-
-
-
- ! 
-

-
-
-

-
-
- ! 

PROJECT; HOLE NO 

CRISTAL USA FACILITY SB-46 



HOlE NUMBER 
ko1t 80RING LOG S8-47 
1. COMPANY NAM£ 2 DRIU SUBWNTRACTOR SHHT SHEETS 

URBAN GRHN ENVIRONMHITAL llC GSI Mid-Atlan!tc, Inc 1 of 1 
3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRllU::R 8. MANUFACTURER'S DESIGNATION Of. DRlll 
Don Marchese GWPROBE 7822DT 

9. S!ZES AND TYPES Of DRllllNG ANO SAMPLING EQUIPMENT 10. SURF/IC£ HEVAflON AND COND!llONS 
2 11\. x 5 fl matrocore 

h-Yn OF UNER usrn. IF APPUCABlE Gravel - Near tr,msforme, substaHo1' located along the ,outh~rn portion of the Sat th Attack lagoon 
HOPE 

11. DIRECT READING PARAMETERS 12. DAT[ ANO TIME ST/IRTtO B. DAT£ AND flME COMPfffED 
PIO /TOT Al voes/ 11.7 EV/ MINIR/1£ 3000 4/7/15 8:10 4/7/15 8:30 

14. ovrnBURDEN THICKNESS 15. DtPTH GROUNDWATrn ENCOUNTrnED 
~1s· ' 16. DEPTH D~ILUD INTO ROCK 17. OtPTH TO WATER AND HAPS ED Tl Ml A!'HR DRILLING COMPLHED 

" " 18. TOTAL Dl:PTH OF KOLE 19. OTHER WAHR LEVH MEASURtMENl'S iSPEClfY) 
,S' 

"' 20. WHllNSTAllfD! IF SO COMPLETE CONSrnUCTION DIAGRAM SAMPLE TYPE. 
YES. HMPORARY GRAB n SAMPlE INTl;RVAL ANO DESIGNATION fOR LAB ANALYSIS !SAMPLE INTERVAL ANO DESIGNATION FOR flElO SCREENING ANALYSIS SCREENING ANALYSIS 

Sool samples eollec!ed at Oto 2 feet below grade (SB-4"1 0-21 and 7 to 9 leet 
below ··rade 158-47 7.91 Every 2 feet fJpprox,mate) forVOCs with a PID voe, 
22. DISPOSITION IF NOT A WHL, BACKr!LL(D WITH 23. GEOLOGIST 
OF HOLE Cuttings Katherine Chr,stemen 

ANALYTICAL DEPTH R!:COVtRY 
uses OEPHI DESCRIPTION OF MATERIALS DIRECT READING Id) SAMPL!' DESIGN IITI % REMARKS 

WC 1n1 "' Depth of 
l•I '" l<I lppm) Read,ng 1,1 Ill 1,1 

u 01 
58-47 0-2 lor,e 8 o,. so,I jatl 

"'' Brown CLAY Nov"""' ev,dence of stommg or 

" 2-4· 50% 
odor ob,erved 

4-5" G,ay CLAY, mo,st u -1-6 

5-9' Red C..AY 
l.5 6-8' 

50% 
No """al ev,den<e o/ staimng or 

$8-47 7-9 lone 8 o,. so,i jar) odo, observed 
u 8·10 

S-10' Brown coarse SAND, we! 

10-12' Brown <MrSe SAND, wet " 101} 

' No v,rnal evidence of staimnq or 

I 
u .i2-1~ 25% 

odm ob,erved 
12-15' Red and wfute ClAY. mo,st 

u l~-1$ 

Borehole Wmmoied at J 5/ut below grade; placed lemporory 
----

groundwater mom/ormq weil w,th 10 Jeer of ,creen Gild 5 feet of ,mmg !o 

- grouod surfoce 

-- I -

I 

- I 
i - I 

- I -
--

-

-

-
-

I 

-
-
-

-
I 

-
-
-

PROl£CT HOU; NO 

CRIST Al USA fAClllTY SS-47 



Oil SORING LOG 

1. COMPANY NAM£ 
URBAN GRHN £NVIRONM(NTAl, lLC 

3. PROJECT 
CRISTAL USA FACILITY 

7. NAME OF DRlllER 

Don Marchese 
9. SIZfSAND 1'/PfS Of DRIUING AND SAMPLING £QUIPM£NT 

2 an. x S ft. macroco,e 
TYPE OF LINER usrn. If APPLICABlf 

KOPE 

11. DIRECT READING PARAMETERS· 
PIO /TOTAL voes; 11.7 EV/ M!NIRAE 3000 

14. OVERBURDEN THICKNESS 

>'5 
16. DEPTH DRlllfD INTO ROCK 

" 18. TOTAL DEPTH OF HOLf 

,S' 

20. WEl.l lNSTAlLED1 If SO COMPlET£ CONS1RUCTION DIAGRAM 
,o 

21. SAMPLE INTERVAL AND DESIGNATION FOR LAB ANALYSIS 

So,I samples collected at Oto 2 feel below grade (SB-4B 0-21 and 13 to 15 
fee! below £rade {SB-48 13-15) 

22. DISPOSITION If' NOT A WHL, BACKFlllED WITH 
OFHOU' Cuttmg< 

uses DEPTH DESCRIPTION Of MATERIALS 

LOG {FT) 

{a) lb) 1,1 

0·1' Red sandy CLAY and g;avel . --~---- -- ----

J,4' Brown ,andy ClAY 

4-5' Red and !m>,m CLAY 

Red and brown ClAY 

7-10' Red and purple CLAY 

10-11' Red and purple CLAY 
------1---- ---------------

11-lS While and red ClAY 

_ Bore/,o/e u,rminoted ar 15f~e1 bdow grade 

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-

PROJECT· 

CRISTAL USA FACILITY 

2. DRILL SUBCONTRACTOR 
GSI M1d-Atlanm, Inc. 

1-!0lE NUMBER 

8, MANUFACTURER'S D€SIGNATl0N Ot ORlll 

GEOPROBf 7822DT 

10. SURFACf HEVATION AND CONDITIONS 

SHfH SHEETS 
1 of l 

Grass - Near transforme< substation located along the southe,n port,on of the prior t,tan,urn ote storage area 

12. DATE AND TIM£ STARTED 

4/8/15 12.40 
15. Dff>Tl-l GROUNDWATER ENCOUNT£RED 

13 DATE AND TIM£ COMPLE"TED 

4/8/15 12:55 

17. DEPTH TO WATER AND HAPSW TIME AFTER DRllUNG COMPLETED 

"' 19. OTHER WATER LEVEL MEASUREMENTS (SPECIFY) 

" SAMPLE TYPE 
GRAB 

fSAMPcE INTERVAL AND DESIGNATION FOR l'IELD SCREENING ANALYSIS 

I £very 2 feet {approx1mate1 for VOC:s w,th 3 PID 

23. GWlOGIST 

ANAlYTICAl 

DIRECT READING {di SAMPLE D[SIGN 

ooc Depth of 
(ppm) Readoh" (el 

...... o; 0.2' 
S8,48 0-2 lone 8 OL. <OLI Jar] 

OS /·4' 

OA 4-6' 

o., 6-8' 
. 

o., 8-10' 

OS 10·12' .... 

o., 1{-]4 

SB-4813-l~loneSo, soilJar) 
LO 14-15' 

HOL( NO 

Kathe,me Clmstenseo 

DEPTH RECOVERY 

(FT] % 

10 1,1 

~ox 

)5% 

100% 

i 

SB-48 

SCREEN!NG ANALYSIS 

voe, 

REMARKS 

No visuo/ ev1den~e of stomrng a, 

odar ob,erv~d 

No visual evidence of <tl>tnlll!I or 

odor oboerved 

No v,.sual ev,dencl! of srnmmg or 

odot observed 



HOlE NUMBER 
OIL SORING LOG SS-49 

1 COMPANY NAMf 2. ORlll SUBCONTRACTOR 'iHEH SHEETS 
URBAN GRHN ENVIRONMENTAL llC GSI M,d-Atiant>c, Inc. 1 of l 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 8. MANUFACTURER'S DE~GNATION Of DR Ill 

Don Marchese GEOPROBE 78220T 
9. SIZES ANO TYPES OF ORllllNG AND SAMPLING [QUIPMEN r 10. SURFACf ELEVATION AND CONDITIONS 

2 in., Sh. rnacrocore 

!T'fn 0~ UNfR USED, IF APPUCABlE Red clay ~Ollthetn port<on of th~ prapet!y 
HOP£ 

11. DIRECT READING f>ARAM[HRS 12. DATE ANO TIMf STARfED 13. ()ATE AND TIME COMPLETED 
PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 4/8/l'i B:00 4/B/1513.15 

14. OVERBUROfN THICKNESS 15. DEPTH GROUNOWAff:R ENCOUNTfREO 
>10' ,. 

16 DEPTH DRILLED INTO ROCK 17. D!:PTH TO WATER AND ElAPSEDTIME AFTER DRllllNG COMPlHHl 

" " HI. TOTAL O[PTH OF HOU 19. OTHER WATER lEVH MEASUREMENTS IWECIFY) 
rn· 

" 20 WELl INSTAlltO? ;F SO COMPlfTE CON\TRUCT;ON DIAGRAM SAMPLE TYPE 

" GRA8 

21. SAMPLE INTERVAL AND DESIGNATION FOR LAB ANALYSIS ISAMPU' INTERVAL AND DES!GNATION FOR FIHD ~CRHNING ANALYSIS SCREENING ANALYSIS 

So,I s~mples collected a! 0 to 2 feet below grade (SB·49 0·21 and 4 to6 feet 

below' rade ISB-49 4·6) Every 2 feet (apprn,m1ate) for VO Cs with a PIO wx, 
22. DISPOSITION IF NOT A WF.ll, BACKFILLED WITH: 23. GEOlOGIST 
or: HOLE Cuttings Katherine Christensen 

ANALYTICAL 01:PTH RfCOVERV 
uses DEPfH DESCRIPTION OF MAHRIALS DIRECT READING id) SAMPLE DESIGN ,m % REMARKS 

lOG ,~, ,oc Depth of ,,, 
'"' 1,1 {ppm) Reading l•I "' 1,1 

M Red ClAY w,th l!ttle Er•vel '' '' SB-49 0-2 {one 8 o,. soil Jar) 

' ... , 
No •m~a/ evidence of ,tmmng or 

00 '' SO% 
2-4' Gray-brown ClAY, moist odor obs~rwd 

j ..... 
4-'i" Brown CIAY, moist 

"' 4,6 

,., Brown ClAV, mo"t we! 6 to 7 feet S8-49 4·6 loM Bo,. sml 1ari 

' .. , 0.1 se ' I No vi,ua/ evaden<e af ,rarnmg or 
75'){. 

odor absnved 
7-10' Dark ~fay loamy SAND, wet 0, 8-10' 

Borehole rerm,nored ot 10/eer bdow g,ad~ -
-
-
-

-
-
--
-
-

I -

-

' I -
-
-
-
-
-

-
-
-

-
-
-

' -
I -

-

-
-
-

PROJECT HOLE NO., 

CRISTAL USA FACILITY 58-49 



HOlE NUMBER 

OIL BORING LOG SB-50 

1. COMPANY NAME 2 ORILl SU!l.CONTRACTOR SHUT SKEETS 

URBAN GREfN ENVIRONMENT Al, llC GSI Mid-AtlanUt, Inc 1 of 1 

3. PROJECT 

CRISTAL USA f'ACILITY 
7. NAM( or OR ILL ER 8. MANUFACTURER'S DESIGNATION OF ORILL 

Don Marchese GEOPROBE 7822DT 

9. SIZES AND TYPES OF DR Ill ING ANOSAMPUNG fQUIPMfNT 10. SURFACE HEVATION AND CONDITIONS 

2 in.• 5 ft. mactocor~ 
TYPE OF LINER USED. 11' APPUCASlE G,ass Southern p0rt,on of the property 

HOPE 

11 DIRECT R(ADING PARAMETERS 12. DATE AND T!Mf STARTED 13. DATE AND TIMf COMPLETED 

PID/TOTAl VOCS/ 11.7 EV/ MINIRAf 3000 4/10/15 12:00 4/10/15 12:15 

14. OVERBURDEN THICKNESS 15 DEPTH GROUNDWATER ENCOUNTtRED 

>lD' •' 
16. DEPTfl DRlllED INTO ROCK 17. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING WMPI ETED 

" " 18. lOTAl DEPTH OF HOLE 19. OT11£R WATER LEVH MEASUREMfNTS lSPECIFY) 

W' " 20. WEll lNSTAllED? II' so COMPlfTE CONSTRUCTION DIAGRAM SAMPLETYPL 

YES, TEMPORARY GRAIi 

21. SAMPLE INTERVAL ANO DESIGNATION FOR LAB ANALYS!S tAMPlE INTERVAl AND DESIGNATION fOR FIElD SCREENING AN Al YSIS SCREENING ANALYSIS 

Soil samples collected a! 010 2 foN b~low grade {SB·SOD-2) and 4 to O fee! 
below g,ade ISB-SD 4-6) Every 2 feet (approximate) for VOCs with a P!D voe, 

22. Dl>POSITION IF NOT A WHl, BA(KflllED WITH; 23. GEOLOGIST 

NHOlf Cuttings Katherine Chmtensen 

ANALYTICAL ! DEPTH RfCOVERY 

cscs DEPTH D[SCRIPTION Of MATERIALS DIRECT READING (d) SAMPU DESIGN I 1m % REMARKS 

COG ,~, ooc Depth of ! 
1,1 ibl ,,, (ppm) Read,ng ,,, I ,,, (g) 

00 '' SB,50 0,2 (one Bo,. so,I jar, two 4 

0-4' Red ClAY and gravel o,. soil Jars and encores) No vi«tal evidence o/ ,zo,n,ng or 
00 2-4' 25% 

odor observed 

.. -- ······-
4-5' B,own loamy CLAV, mo isl ,., 4-6' 

SB-504-0 {one S Ol. sOJI Jar, two 4 ,., 6-8' c, ,011 JMS and encores! No vm,ai ev,dence of s!oinrng or 
S·lO Dark €•av loamy (LAY. mo;,1, wet 6 to 10 feet 2~% 

odor ob,erved 

00 IHO 

Ba,eha/e termmoted Qt !0/nt below g1ade; placed temporwy 
- graundwmer moni/onng wp// with 5 feel o/ ,ueeri ond 5/eetof cos,ng co 
- grou11d our/ace 

-
-

-
-
-
- I 

I -
-
-

-
-

! -
-
-
-

-
- I - I 

-
-
-
-
-
-

-
-
-

PROJf(T HOl(NO. 

CRISTAL USA FACILITY SB-SO 



HOU' NUMSi:R 
011 BORING lOG SB--51 

1. COMPANY NAME 2. DRlll >UBCONTRACTOR SHHT SHfETS 
URBAN GRHN ENVIRONMENTAL, UC GSI Mid-Atlantic, Inc 1 of 1 

3. PROJECT 

CRISTAL USA FACILITY 
7. NAME OF DRILLER 8. MANUFACTURER'S DESIGNATION OF DRILL 

Don Marchese GF.OPROB1' 7822DT 
9. SIZES AND TYPES OF DRILLING AND SAMPLING EQUIPMENT 10. SURF AC£ H£VATION AND CONDITIONS 

2 in., S ft macrocore 

h°YPE 01' LINER usrn, IF APPLICABLE Grass Alon~ !he western port10n of !he Lower Basin 
HOPE 

11. DIRECT READING PARAMETERS 12 DATE ANO TIME STARTfD 13. DATE ANO TI Mt COMPLETE:0 
PIO/ TCTAl VOC'i / 11.7 fV / MINIRAl ClOOO 4/10/lS 12,2S 4/10/15 12:40 

14. OVERBURDEN frllCKNESS 15. DEPTH GROUNDWATER ENCOUNHR!:D 
~10' S' 

16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WATER AND ELAPSED rlME AFTER DR!LllNG COMPI.EHO 

" " IS. TOTAL DEPTH OF HOU: 19. OTHER WATER LEVEL MEASUREMENTS !SPECIFY) 
W' " 20. WELl lNSTALLW'' IF SO COMPL[TE CONSTRUCTION DIAGMM SAMPU TYPE· 

'° GRAB 

21: 51\MlllE INHRVAL AND DESIGNATION FOR LAB ANALYSIS ISAMPlf INTERVAL AND DESIGNATION fOR FIELD SCRHNING ANALYSIS SCRHNING ANALYSIS 
So,I samples rnlletted at Oto 2 feet below grade (SB-51 0-2) and 3 to5 feet 

below grade (SB-51 3·51 Every 2 feet {aporo~1mate) fo, vot, vmt, a PID voe, 
22. DISPOSITlON IF NOT A WHL, BACK Fl LUO WITH. 23. GEOLOGIST 
OF HOU Cuttings Kathenne Christensen 

ANALYTICAL 

I 
DEPTrl RECOVERY 

uses DEPTH 0£SCHIPTION OF MATERIALS DIRECT RtADING (di SAMPlE DESIGN (HI % REMARKS 

WC [IT[ voe Depth of : fa[ "' 
,,, (ppm) Read in~ ,,, 

'" 
,,, 

,,, 
Dari< brown sandy CLAY ind g,~vel 

0.0 0·2' 
SB-51 0,2 {one 8 o,, so•l 1arl 

' 
0.0 I rn~ 

No visual ewdence of.mhmng or 
2-4' 

odor ob,erved 
lS Tan «i!y CLAY, moht 

S8·5l 3-5 lone 8 o,. ;o,l 1ari 
00 '' 
0.0 6-!!' 

5-10 fan silty CLAY, saturated 

'" 
Na vi.ma/ ev,dence of srainmg or 

ado, observed 

" "'° 
Borehole termmmed 0/ 10/eet below grad~ -

-
-

' --
' 

- i 
=1 ' ' 
-

I -
-
-
-
-
-

I 

' -
-
-

-
-
-
-
- I -
-
-
-
- I -

I -
PROJECT HOlf NO 

CRISTAL USA FACILITY SB-Sl 



SOil BORiNG lOG 

1. COMPANY NAMf. 

URBAN GREEN fNVIRONMrNTAl, ll( 

3. PROJECT 

CRISTAL USA fAClllTY 

7. NAME Of ORlllER 
Don Ma,chese 

9. SIZES ANO TYPfS OF ORllUNG ANO SAM PUNG ['QUIPMfNT 

2 in. x 5 ft. macrncore 

TYPf. OF llN!:R USED, If APPllCABLf 

HOPE 

11. DIRECT READING MRAMEHRS; 

PIO/ TOTAL VOCS / 11.7 fV / MINIRAE 3000 

14. OVERBURDEN THICKNESS 

~1s' 

16. Of.PW DRllltO INTO ROCK 

" 18. TOTAL DEPTH Of HOLE 

,S' 

20. WEll lNSTAllfDl flf SO COM Pl HE CONSTRUCTION DIAGRAM 

'° I 
21. SAMPLE INTERVAL AND DtSIGNATION fOR LAB ANALYSIS 

Soil samples collected at Oto 2 feet below ~,ade (SB-S2 O· 2) and 13 to 15 

feet below ~,ade (SB-S2 13-lS) 

22. DISPOSITION IF NOT A WELL, BACKFlltED WITH· 

Of KOL~ Cuttmgs 

uses DEPTH DESCRIPTION Of MAHRIAlS 

WC ,~, 
(a( "' ,"' 

H Red and brnwn CLAY 

, ...... 

4.4_5· Black med1um-ffne SAND, mo<SI 
.... 

4.5-5' Red ClAY 

5·6' _____ Re_d __ ':_~~-! __ 
0-7' _____ ~lad, med,um-f,ne SAN~:_fl"l"'.'1 _ 

7-10' Red ClAY w;th lrne of gravel al S.5 foet 

10-15' Red and brown CLAY 

Borehole terminated ot 15/ee! below grade -
-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

PROJf(T 

CRISTAL USA FACILITY 

2. DRILL SUBCONTI\ACTOR 

GSI Mid-Atlantic, Inc. 

IHOlE NUMBER 

8. MANUFACTURER'S DESIGNATION Of ORlli 

GEOPROBE 782201 

10. SURF Ar£ ELEVATION AND CONDITIONS 

SS.S2 
SHHT SHEETS 

1 of 1 

Gravel mad between the Batch Attad, lagoon and tfie lower Basin 

12. DATE AND TIME STARTED 

4/7/15 8:35 
15. DEPTH GROUNDWATER ENCOUNTERED 

B. DATf AND TIME COMPlfTED 

4/7/15 8.55 

J7. DEPTH TO WATER AND HAPSfD TIME AFHR DRH LING COMPLETED 

" 19. OTHER WATER LEV(L MEASUREMENT51SPEClfY) 

SAMPlf TYPf 

GRAB 

T>AMPL£ m nRvAt AND 0ES1GNAT10N FOR flHD SCREENING AN At Ys1s 

I Eve,y 2 feet (approx,matf) for voe, with a PID 

23. GEOLOGIST 

ANALYTICAL 

DIRECT READING (d) SAMPll DESIGN 

"' Deptho! 

(ppm) Read,n~ 1,1 

O.S 0-/' 
SB·52 0-2 (one 8 o,. so,1 jo1r) 

" 
" 4-6' 

,.s 6-8' 

,,, 8-JO 

10--12' 

12-1~ 

" 14-15' 

HOlfNO 

Kather,ne Christensen 

I DEPTH RECOVERY 

I 
(Fl) % 

Ill ,,, 
I 

' ' 
7$% 

75% 

SB·S2 

SCRffNING ANALYSIS 

voe, 

REMARKS 

No visual evidence af stomm9 o, 
odo, ob,erveo' 

No v,rnai evidence of stommg or 
odor ob.,erved 

No v,sc,o/ evidence of sta,mng or 

odor observed 



HOl[ NUMBER 
lso1L BOR!NG LOG SB-53 
l. COMPANY NAME 2. DRILL SUBCONTRACTOR Sf!EtT SHHTS 

URBAN GRHN ENVIRONMENTAL, UC GSI M;d·Atlant,c, Inc > o< ' 3. PROJECI 

CRISTAL USA FACILITY 

7. NAME OF DRltlER 8. MANUFACTURER'S DESIGNATION OF DRlll 
Dan Marchese GE0PR0BE7822DT 

S. SIZfSANO TYPES OF DRILLING AND SAMPLING EQUIPMENT 10. SURFACE ELEVATION ANO CONDITIONS 
2 m. x 5 h. macrocore 

TYPE OF LINER USED. I~ APPUCA8l!C Red clay Nea, southern prope,ty boundary fence 
HOPE 

11. OIRfCT READING PARAMrTERS 11 DATE ANO TIM( STARHD 13. DATE ANO TIME COMPlHED 
PIO /TOT Al voes ( 11.7 EV/ MINIRAE 3000 4/8/15 13:20 4/8/1513 45 

14. OVERBURDEN THICKNESS 1S. DEPTH GROUNDWIITrn ENCOUNTERED 
~1s· T 

16 OEPTi1 DRlllW INTO ROCK 17. DEPTH TO WATER AND HAPSED TIME AFTER DRILLING COMPlETtD 

" " 111. TOTAL DEPTH OF HOLE 19. OTHER WIITER lfVH MEASUREMENTS ISPECl~Vi 
ff 

"' 20 WEUINSTAllED' If SO COMPlE rE CONSTRUCTION DIAGRAM SAMPLE "NPE 
YES. TEMPORARY GRAB 

21. SAMPLE INTERVAL AND DESIGNATION FOR LAB ,\NALYSIS JSAMPlt INHRVAl AND DfSIGNIITION FOR mw SCREENING ANALYSIS SCREENING ANALYSIS 
So,t sami,les collected at o to 2 !',:,et below grade (SB-S3 0-2) and S to 7 feet 

below rade l58-S3 S-7 Every 2 feet {Jpprox,mate) fo, VO(s w;th o PID voe, 
ll DISPOSITION IF Nor A WELL, BACKFlllED WITH 23. GEOLOGIST 
0FHOl£ Cuttings Katherine Cbfistenser, 

IINALYTICAl DEPTH RECOVERY 
USC~ DEPTH DtSCfilPTION OF MAHRIALS O!R[Cf READING {d) SAMPLE DESIGN (FT) % REMARKS 

100 (FT) ,o, Depth of 
la) lo) 1,1 IPpm) Read,n~ lei '" 1,1 

0.0 0·2' 
SB-53 0-l (one 8 o,. saol Jar) 

0-5' Red and white (LIIY o., 2-4' 50')( 
No llis,,ol ev,denc~ of swmmg 01 

odor observed 

" 4-6' 

;., Red and wh,te CLAY SB·S3 5-7 (one 8 o,. ,ml Jar) 

' ' '' ... 

' 75% 
No visual ev,d~m;e of ,roimng or 

I odor observed 7-10 Dark brown and gray lo;;my SAND, wet o., 8·10 

I 
10-11· 81acl< sandy CLAY. we! o., 10-ll' 

I 

;_1;.12· White loamy )ANO with ii!tle gMv,.I, we! 
1-·· ........ . ·-··· -

No vi,,ia/ ev1denu of ,w1mng or as 12·14 75% 

I 
odor observed lHS' Dark grav loamy SANO, we! 

0.3 14·15' 

- Borehole termmoted al 15 fe~t below qr ode; placed /emporcry 

I grou,.dwoter mamtormg well w,rh 10 feet of.screen and 5 feet vJ rns,n9 - ro gro,md 5Ur/oce ' 
I -

-
-
- I - i 
- i 
-
-
-
-
-

-
-
-

-
' - I 

-
-
-
-

-
-
-

PROJECT HOlE NO 

CRISTAL USA FACILITY 58·53 



SOIL BORING lOG 
1. COMPANY NAMf 

UR8AN GRffN ENVIRONMENTAL, llC. 

3. PROJECT 

CRISTAL USA >ACIUTY 

7. IIIAME Of DRILLER 

Don M~rchese 

9. SIZES AND ll'PES Of DRILLING AND SAM PUNG EQLIIPM[NT 

2 in.• 5 ft. mac,ocore 

TYPE OF LINER USED, If APPLICABLE 

HOP£ 
11. DIRECT READING PARAMETERS· 

PIO/ TOTAi voes/ 11.7 EV/ M!N:RA~ 3000 
14. OVERBURDl'N TKICKN(SS 

~15' 

16. OfPTli DRILLED INTO ROCK 

" 18. TOTAL DfPTK OF HOLE 

,S' 

20. Wfll lNSTALLEO' IF SO (OMPLtT£ CONSTRUCTION DIAGRAM 

,o 
21. SAMPLE INT!:RVA! AND DESIGNATION fOR LAB ANALYSIS 

Soil ,amp:.,, co!le,ted at D to 2 feet h-elow grade 1SB-54 0·/1 and 11 to 13 

feet below ~rade ISB-54 11·131 

22. OISPOSIT!ON IF NOT A WUL, BACKFILLED WITH 

OfHOI.E 

uses 
WC 
1,1 

PROJECT 

DEPTH 

im 
ISi 

cs 

3-4' 

4-S' 

6-B' 

8-9" 

9-10' 

10-13 

Cuttings 

DESCRIPTION Of MAHRIAlS 

1,1 

Red CLAY 

-- -
Brown sandy CLAY 

Dark brown sandy ClAY 

RedClAY 

Brown medium-fine SAND 

Red med,unt-1,ne SAND 

Red med,um-lme sandy CtAY, mo,sl 

- - --- . _, __ ,,., 
B-14' Brow!''.o•;,':',Y~-~-~[)_,_"'.e~ 

14-15' Oark brown loamy SAND, wet 

_ Borehole Mmmoredat :i5feetbe/owgrade 

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

CRISTAL USA FACILITY 

2. 0Rlll 5UIKONTRAC10R 

GSI Mid-Atlannc, Int 

KOlf NUMBER 

8. MANUFACTURER"S DfSiGNATION OF DRIU 

GEOPROBE 7822DT 

10. SURFACE [LEVATION ANO CONDITIONS 

SB·S4 

Red day Southern pomon of !he property 

SKEET SHEETS 

1 of 1 

12. DATE AND TIM£ STARTED 

4/9/15 8:00 

13 DATE ANO TIME COMPL£T£0 

4/9/15 8·15 

lS. DEPTH GROUNDWATER HICOUNTERfD 

B' 
17. DEPTH TO WAHR AND ELAPSED TIME AFTER DH I LUNG COMPLCT[D 

" 19 OTI-!ER WAT£R lfVH MEASUREMENTS {SPECl!'Y) 

" >AMPLE TYPE 

GMO 

I
SAMPlf INTERVAL AND OfSIGNATION FOR FIELD SCREENING AN Al YSIS 

Every 2 feet (approx1n1~te) fo, voe, witli a PIO 

23. GEOLOGIST 

Kathenne Christensen 

ANALYllCAL DEPTK RECOVERY 

DI Rf CT READING (d) ~AMPLE DESIGN (FT) % 

,o, Depth of 
(ppm) Read,ng l•I I,) I" 

M 0-2' 
SB-54 0-2 (one 8 o,. soil Jar) 

0.0 H 75% --
... 

0.0 4-6' 

00 6-8' 

50% 
-

" no 
----

0.0 10-12" I 
SB-S4 ll-13 {one 8 o, soil Jar!. DUP, i 

0.0 12 14 n I 
----·------- I 

60% 

00 14-15 

KOL[ NO 

SB·S4 

SCREENING ANAL YSl'i 

socs 

REMARKS 

No v1mol ev,dence of m11n,ng or 

odor ob,~reed 

No visual ev,den<e of >1P1n1ng Of 

ado, ab,erved 

No visuo/ evidence of .rommg or 

odor observed 



SOIL BORING LOG 
l. COMPANY NAME 

URBAN GREEN ENVIRONMENTAL, llC 

3 PROJECT 

CRIST Al USA ~ACILITY 

7. NAME OF DRlllER 

Don Marchese 

9. SIZES AND TYPES OF DRllllNG ANO SAMPLING EQUIPMENT 

2 in. x 5 It. macrocore 

TYPE OF UNER USED. IF APPLICABLE 

HOPE 

11. DIRECT READING PARAMETERS 

PID / TOTAL voes/ 11.7 EV/ MiNIRAE 3000 

14. OVERBURDEN THICKNESS 

>15' 

16. DEPTH DRILlfD INlO ROCK 

" 18 TOT Al DEPTH OF HOlt 

,S' 

20. WHl INSTAllED' If SO COMPL[H CONSTRUCTION DIAGRAM 

'° 

2. DR!lLSUBCONTMCTOR 

GSI Mid-Atlantic, Inc 

HOLE NUMBER 

8. MANUFACTURER"S DESIGNATION OF DRlll 

GEOPROM 7822DT 

10. SURFACf. ELEVATION AND CONDITIONS 

SB-SS 

5HHT 

Red day Along the southwestern pomon of the lower Bason 

12 DATE AND TIME STARTED 

4/9/15 8:20 
15 DEPTH 6ROUNDWATE:R ENCOUNTERED 

"' 

U. DATE AND flME COMPlETED 

4/9/15 8:35 

17. DEPTH TO WATER AND HAPSED TIME Anrn DRILLING COMPUTED 

"' 19. OTHER WATtR lfVH MEASUREMENTS ISP£UFY) 

SAMPLE l"YP£ 
GRAB 

SHHTS 

1 of 1 

2L SAMPLE INTERVAL ANO DtSiGNATION FOR lAB ANALYSIS ISAMPlE l'ITERVAL ANO DESIGNATION FOR FIELD SC. REENING ANALYSIS 

Soil samples collected at Oto 2 feet below g,.,de (SB-55 0-21 and 6 to 8 feet 

below grade ISB-5S 6-81 Every 2 feet {app,o.rnnate) for VOC5 with a PID 

SCREENING ANALYSIS 

22 DISPOJITION IF NOT A WHL, BACKFILLED WITH 23. GEOLOGIST 
OFI-IOlE Cutt,ngs 

uses DEPTH DESCRIPTION Of MAHRIALS 

LOG ,~, ,,, 
'"' '" 

'' Red ClAY 

I 

2-5' Dark brown sandy ClAY, moi<\ 

'" Dark browr, ,a,,dy CLAY, mmst, wet 8 to 1D feet 

10-12' Brown loamy SAND, we1 

12-14' Wfiite loamy SAND, sti<kv, wet 

14-15' D;,rk gray loamy SAND, wet 

_ Borehole rermmoted al 1S feet below grode 

-
-
-

-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
--
-
-
-
-

PROJEC! 

CRfSTAl USA FACILITY 

OIRf:CT READ!NG' (di 

voe Depth of 
!ppm) Readini;; 

0.0 

,., '' 

" " 
00 H 

0.0 8-!0-

00 10-12' 

0.0 1)-14" 

0.0 14-15" 

HOlt NO. 

ANALYTICAi 

SAMPlE DESIGN. 

)el 

SB-55 0-1 lo"e 8 o,. so,I J.it) 

'>B 5~ 6-8 lone 8 o,. sml 1ar] 

Katherine Chnstensen 

DEPTH RECOVERY ,m % 

,,, 

100% 

l 
I 
I 

100% 

i 

SB·SS 

REMARKS 

No v,;uo/ evidence of <tormng or 

odar observed 

I No vm,oJ evidence a/ <1ammg or 
<>do, observed 

.Vo Vtsua/ evrdence of srammg <>r 

odor observed 



SOil BORING LOG 
IKOLt NUMBtR 

SB-S6 
1. COMPANY NAME 2. DRILL SUBCONTRACTOR SKHT SKEETS 

UR11A.N GREEN ENVIRONMENTAL, LLC GSI Mid-Atlant,c, Inc. 1 of 1 
3. PROJECT 

CRIST Al USA FACILITY 

7 NAME OF [)RILLER S. MANUfACTURtWS DESIGNATION Of' DRlll 
Don Marchese GEOPROBE 7B22DT 

9. S!lfSAND TYPES Of DRllllNG AND SAMPLING EQUIPMfNT 10. SURFACE El[VATION AND CONDITIONS 
2 ,n, > S ft. rnacrocorn 

nn OF UNfR USfD, If APPllCABlE Gravel Road near 002 Outfall 
HOPt 

11. DIRECT READING PARAMfffRS· 12. DATI; AND TIME STARTID !B- DAH AND TIME COMPLETED 
PID / TOTAi voes/ 11.7 EV/ MINIRAE 3000 4/7/lS 9,00 i 4/7/15 9·2S 

14. OVf.RSURDEN THICKNESS 15 DEPTH GROLJNDWAHR l;NCOUNTERED 
>14' '"' 16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WAHR AND HAPS ED TIME AFTER ORllllNG COMPLETED 

" " 18 TOTAL DEPTH Of KOU 19. OTKER WATER ll'V(l MEA1UREMENTS {SPECIFY) ,.. 
" 20. WHllNSTAllfD? IF SO COMPLETE CONSTRUCTION DIAGRAM SAMPlETYPt· 

YES, TEMPORARY '"-" 
1. SAMPlE INTERVAL AND DESIGNATION FOR LAB ANALYSIS ··1,AMPL[ INTERVAL AND DESIGNATION FOR FIHD SCREENING ANALYSIS- SCRHNING ANALYSIS 

s,,;1 samples collected a! Oto 2 feet below grade (SB-56 0.21 and 18 to 20 
feet belo>'I grade {Sll--56 18-20] fv,,-ry 2 feet (appro .. mate) for voe~ wrth a PiD ,oc, 
22. DISPOSITION IF NOT A WELL, BACKFILLED WITH n. GEO!OGIST 
Of HOlf Cuttings Kather,ne Chr,;len,en 

uses lDEPTK 

ANALYTICAL DEPTH RECOVERY 

DESCRIP11DN Of- MATERIALS DIRECT R[ADING /di SAMPLE DESIGN {CC{ % REMARKS 

LOG IFn ,o, Depth of ,,, {b{ ,,, lppm) Reading ,,, 
"' '" e; 0-2' 

58-5& O;, (one 8 o,. soil iarl 

O.s' fill (white to !>,own coats,, sand and gravel! 03 '' SC% 
No v,sua/ ev,dence of ,wmmq 01 

odo, observed 

'' 4-6' 

S-T Red and brown sandy CLAY, rno,st 

'' '' ........ No viwal evidence of ,rommq or 
50% 

odo, observed 
7-10' Red CLAY, mots! " 8-10' 

,., 10-U 

10-15' Red CLAY, rno»t CA '" 
No visual ev,drncr a/ .<wu,mq "' 

12-14 

I 
odm observt'd 

'' 14-15 

15-17 G<ay and brown CLAY, mo,st I 
' '' 15-17 

No v,s<1a/ evidence af <tammg or 
50'>::-

odor <'b.<etvt'd 
17-20 Brown-red wars~ SAND and g,~wl. mom 

'' l7·19' 
SB-56 18-20 (or,~ 8 o,. <oil JO!) 

°' 19-20 

2(}24' Red-brown to tan coarse ',/IND. wet c.s 20-22 50'1£ 
No v1wol ev,dence of srwmng or 

odo: observed 

0.7 21·24 

80,ehoie terromat~d ot 24 fut belowgrode; ploced temporory - 9rnundwater mon:to,mg well w,th 10/eet of sc,een ond 15 /Nt of casing 
- rn ground sur/ote 

-
.. 

-
-
-
-

. -

-

-
-

-

I ...... 

- I 
-

I -
PROJECT Hot£ NO 

CRISTAL USA FACILITY SB·56 



SOIL BORING LOG 

1. COM!'ANY NAME 
URBAN GRHN ENVIRONMENTAL, ll( 

3. PROJECT 

CRISTAL USA fAClllTY 
7. NAME OF ORlllER 

Don March.,1e 

9. SIZES AND TYPES Of DRILLING AND SAMPLING EQUIPMENT 

2 m. x S It. macrncore 

2. ORlll SUBCONTRACTOR 
GSI Mid-Atlantic, Inc 

HOLE NUMBER 

l!. MANUFACTURER'S DESIGNATION OF DRILL 

GEOPROBt 7822DT 

10. SURF AC!' HEVATION AND CONDITIONS 

SB-57 

SKEET SHEETS 

1 of l 

TYPE OF LINER usrn, IF APPllCABlE 

HOP£ 

Red cl~y Near southern pomon of the Lower Basin 

11. DIRECT READING PARAMETERS 

Pm/TOTAL voes/ 11.7 EV/ MINIRAE 3000 

14. OVERBURDEN rt-HCKNESS 

>10' 

16. DEPTH DRILLED INTO ROCK 

" 18. TOT Al DEPTH OF HOLE 
,O' 

20 WFU INSTALLED' IIF so COM PL HE CONSTRUCTION D!AGRAM 
YES, TEMPORARY 

12. DATE AND TIM!c STARTED 

4/8/15 8:40 

15. DEPTH GROUNDWATER ENCOUNHR£D ,, 
13. DATE ANO Tl Ml COMPLETED 

4/8/15 9:00 

17. DE?TH TO WATER AND HAP SEO flM£ AFTER ORIWNG COMPUCHD 

" 19. OTHER WATER lEVEl MEASUREMENTS (SPECIFY/ 

" SAMPLE TYP!; 

GRAB n SAMPLE INTERVAL AND DfSIGNATION FOR LAB ANAL Y51S !SAM Pl£ IIHERVAL ANO DESIGNATION FOR F!HD SC.RHNING ANALYSIS 

So,I sample, collected at Oto 2 feet he low grade ISB·57 0·2) and 4 ta fi feet 
belowe,ade (58-57 4-6) Every 2 feet {approx1mate) for VOCs with a PIO 

SCREENING ANALYSIS 

22. DISPOSITION 
OF HOLE 

uses DEPTH 

LOG (FT) 

l•I lbl 
0-0.S' 

0.58 

5-10 

PROJECT 

ff NOT A WEll, BACKFlltEO WITH; 

Cuttings 

DESCRIPTION OF MATERIALS 

1,1 
Red ClAY 

light brown med1um,flne SAND, mmst at base 

Light brown m~d,um,f,ne SAND, rno,st S to 6 fret satu,ated 610 8 feet 
wet 8 to 10 IP.et 

Borehole rerm,no(ed ot 10/eer beiowgrode; pla<"ed 1em11orory 
- groundwo/er momtormg well with 5 jeer of ,ueell ond 5 fee! of cmmg !o 

- ground 5c,rfoce 

-
-

-
-
-
-

-
-
-

-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

-
-
-

CRISTAL USA FACILITY 

DIRECT READING id) 

voe Depth of 
(ppm) Reading 

M' 

c.o 2-4' 

c.o 

0.0 6,8' 

0.0 8-10' 

HOLE NO: 

23. G£0LOGlST 

ANAlYTICAl 
SAMPLE D£S1GN 

SB-57 O 2 (one 8 oi soil Jar) 

SB-57 4-6 (one so, SOI! 1ae) 

Kathmme Chnstenset\ 

DEPTl-1 RCCOVERY 
(Fr) % 

,,, 
"' 

50% 

75% 

SB·57 

REMARKS 

No wsuo/ ev,den,·e ofstommg or 

odor observed 

No rnual ev,dence of >lmnmg or 

odot observed 



lsOlL BORING LOG 
lflOLE NUM8lR 

SB-58 

1. COMPANY NAME 2. DRILL SUBCONTRACTOR SHHT SHHTS 

URBAN GRHN ENVIRONMENTAL, LLC GS! M,d-Atlant,c, Inc 1 of 1 

3 PROJECT 

CRISTAL USA FACIU1Y 

7. NAM[ Of DRILLER 8. MANUFACTURER'S DlSIGNATION Of DRILL 

Don Marchese GEOPROB[ 78l2DT 

s SIZES AND 1YPfS OF DRILLING AND SAMPLING !:QUIPMENT 10. SURFACE ELEVATION AND CONDITIONS 

2 in. x 5 It. m~crocore 

1Ypt OF uNrn USED. If APPLICABLE Red clay Near southern port,on of the lower Basrn 

HOP( 

11. DIR[CT READING PARAMETERS 12. DATE AND TIME STARno 13. DATE AND ilM( COMPl(HD 

PIO /TOTAL voes/ U.7 EV/ MINIRAE 3()()[) 4/S/15 9:05 4/9/15 9:25 

14. OVFRBUI\DfN THICKNESS 15. D[PTl-l GROUNOWATtR ENCOUNTER[D 

>15' H 
16. DEPTH DRILL£D INTO ROCK 17. DEPTH TO WATER AND flAPSED TIME AFlER DRILLING COMPLCTl:D 

" " 18. TOTAL D[PTfl Of HOUC 19 OTHER WATER l(VEl MfASUR£M€NTS [SPECIFY! ,,. 
" 20. WElliNSTAlLED' ( SO(OMPlHE CONSTRUCTION DIAGRAM SAMPLE TYPE· 

,o GRAS 

21. SAMPlE INTERVAl AND DESIGNATION FOR LAS ANAlYSIS iSAMPlf l!HfRVAI AND DESIGNATION FOR flf.lD SCRHNING ANALYSIS SCREENING ANALYSIS 

Soil samples coliec:ted at Oto 2 feet he low g,ade {SB-S8 0-21 and 11 \o B I feet below ~tade (SB-58 11-13) £very 2 feet {approximate) to, voes with a PID voe, 

22. DISPOSITION IF NOT A W£ll, BACKl'II 1.fD WITH 23. GE0l0G1ST 

OfflOlE Cuttings Kathe,ine Ch,,stensen 

uses lofPtfl 

ANALYTICAL DEPTH RfCOVERY 

DfSCRIPTION Of MATERIALS DIRfCTRfAOfNG" id) SAMPLE DESIGN (FTI % Rf MARKS 

LOG (FT) soc Depth of ,., 
'"' 

,,, {ppn,) Read,,,~ ,,, Ill ,,, 
"' Red ClAY 

00 
,,, 

SS-58 0-2 {one 8 o,. so<I Ja<) 
I 

Red·brown med,um-fine 5AND 
---

50<;(. 
No visual ev,den«, of <tom mg o, 

l·3' 0-0 2-4' odm observed - -----

3-5' Red CLAY 
00 "' 
o_o 6·8' I 

No viwol ev,dence of ,wming or 
5-10' Red and wh,te ClAY ' 75% 

odo1 observed 
o_o S-10" 

o_o 10-12· 
10-B' Red and white CLAY 

--- SB-S8 ll-l3 lone 8 o,. soil Jar I No w,uol evidence of ,-toinmg or 
13-13.S- Brown loamy SAND, wet ,_o 12-14' 75% 

odor oboerved -- -- --- -------- -- --
13,S-14' Red (LAV ---------- I 14-15 Gray stlty GAY o_o 14-15 

Borehole rnmmmea· m 15 t~•t below g1ade 
-
-
-
-

- ! 
- i 
-
-
-
-
- I 
-
-

-
-
- ' 
-
-
-

-
-
-
-
-
-

PROJECT HOU NO. 

CRISTAL USA FACILITY SB-58 



HO!E NU'VIBER 
SOIL BORING LOG SB-S9 
1. COMPANY NAME 2 DRllt SUBWNTRACTOR SfffET SHEETS 

URBAN GREEN ENVIRONMENTAl. llC GSJ M,d-Atiam,c, l"c ' "' ' 3. PROJECT 

CRIST Al U:<.A FACILITY 

7. NAME Of DR1ll€R 8. MANUFACTURER'S DESIGNATION Of- DRILL 
Don Marchese GEOPROI\E 7822DT 

9. SIZfS AND ll'PES or DRllllNG AND SAMPLING EQUIPMENT 10. SURF AU EI.EVATION /\NO CONDITIONS 
2 m. x S 11. mac,ccore 

TYPE Of uNrn USED. IF APPUCABlE Red day - Along southeaster" portion of the lower B~sin and near the southeastern properly boundary fence 
HOP£ 

11 DIRECT R(ADING PARAMCTrns· ll DATE AND TIME STARTED 113. DATE AND TIME COMPLETED 
PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 4/9/lS 9c35 i 4/9/15 9:55 

14 OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERrn 
~10' s 

16. DEPTH DRILLED INTO ROCK 17. OEPTl-l TO WAHR AND HAPSrn TIME AHER DRILLING COMPtrrrn 

" " 18 TOTAL DEPTH OF 1-!0lf 19. OTHER WATER lEVtl MEASUREMENTS (SPECIFY) 
w· " 20. WElllNSTAlLED" IF SO COMPLETE CONSTRUCTION DIAGRAM SAMPLE TY?£ 

VfS. TEMPORARY CMS 

21: SAMPLE lNT'ERVAl AND DESIGNATION FOR LAB ANAl Y5iS 15AMPlE l~TERVAl ANO DESIGNATION FOR FIElD SCRHNING ANALYSIS SCREENING ANALYSIS 

Sool samples collectied at C to 2 feel h<,low grade (SS·59 0-2) ~nd 4 to 6 feet 

b€lowgrade {50-59 4-61 i tvery 2 feet (Jpproximale) for VO Cs with a PID voes 
2l. DISPOSITION i~ NOT A WHl. BACKFILLED WITfl 23. GEOLOGIST 
OF HOLE c,mmgs Kathe"ne Chmtensen 

ANALYTICAL DtPrH RECOVERY 
uses DEPTfl DfSCRIPTION o, MATERIALS DIRECT READING" {d) SAMPLE DESIGN IHI % REMARKS 

'°' (Fl] WK Depth oJ ,,, le) (<) lppm) Readm~ ,,, {fl '" 0.0 " SB-59 0-2 (one 8 01 so,I jar) 

I No v1«ml evidence of ,ro1111ng o, 0,5' Red and white CLAY 00 24 
I 

50;(, 
odor observed 

I 
00 4-6· ' 

" l\ed and whl!e Cl/\ Y I . SB 59 4-6 lone 8 01. soilJa,) I 
6·8' Dark brown loamy SAND, we! c.c 6-8" 

Nu vrn,o! evidence of ,rwmng o, 
A% 

odor observed 

8-10' Gray loamy SAND, wet 
0.0 8-10' 

Borehole rermmated or 10fee/ beiow qrade; placed tempon•ry - groundwater mowWnnq well wirh 5 fePf of screell and 5feel of C<J>lllq rc, 

- gro!lnd surface 

-
' -

-
- I -

-
I 

-
I -

- I 

-
-
-

-
-

I -
I 

-
-
-
-
-
-
-

i - I -
-
-
-

PROJECT HOlE NO.; 

CRISTAL USA FACILITY S8·59 



OIL BORING LOG 
l. COMPANY NAMI; 

URBAN GRHN fNVIRONMlNTAL, llC 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAM£ Of DRILLER 

Don Marchese 

9. Sl2€S ANO lYPES Of DRILLING ANO SAMPLING [QUIPMtNT 

2 tn. x 5 ft. macrocore 

TYPE OF UNER USED, If APPLICA8LE 

HDPt 

11. DIRECT READING PARAMETtRS 

PIO /TOTAL voes/ 11.7 EV/ MINIRAl 3000 

14. OVERBURDtN THICKNESS 

>)0' 

16 DEPTH DRILLED INTO ROCK 

" 18. TOTAL DEPTH Of HOLE 

'"' 

2. DRILL SUBCONTRACTOR 

GSI Mid·Atlan!<e, Inc 

HOU NUMBER 

8. MANUFACTURER'S DESIGNATION OF DRILL 

GEOPR0Bf 7S22DT 

10. SURFACE ELEVATION AND CONDITIONS 

SB-60 

Grass Road alon~ the southern ponion of the Landftll 

Sl-iEtT 

12. DATE AND TIM( STARTED 

4/10/1513:00 

13. DATE ANO 1'1Mf COMPlfTfD 

4/10/1513:20 

15. DEPTH GROUNDWATER [NCOUNTERED 

"' 17. DEPTH TO WATER AND HAPS!:D TIME AFTER DRILLING COMPLtl fD 

" 19 OTHER WATER LEVtl MEASUREMENTS (SPEClfY) 

" SAMPlf 1YP£ 

GRAB 

SHHlS 

1 of 1 

21. SAMPLE INTERVAL AND DESIGNATION FOR lAB ANALYSIS 

So,I sample, collected at O lo 2 feel below giade {SB-6(} ()..2) and 12 to 14 

fee! below •rade JSB-60 l2·14' I
SAMPLE l!'lTERVAl AND Dl',IGNATION FOR FIELD SCREENING ANALYSIS. 

£very 2 feet (approxomate) for voes w,th a PID 

SCRHNING ANALYSIS 

voe, 
22. DISPOSITION 

OF HOLE 

uses ,~EPTH 
LOG {Fl) 

{a) (b) 

0-1' 
•...... 

If NOT A WELL, BA(KflllED WITH 

Cutl.ng; 

DESCRIPT!ONOF MATERIALS 

,,, 

1-5" L,ght red-brown medjwm-fine SAND, mmsl 

s_-:5~--- __ _ _ _ ll~ht red-brown med,um·ft~_eSAN__D:_rl\:'.'_'..1 _ 

6· 7' Gray-brown ClAY, wet 

7-10 

' 13-H 

14-15 

]5-20' 

Red CLAY 

Red CLAY 

' . 
ll~ht '.ed-b,~wn_,~~-~y_C_L>:,_Y 

Oranfe-brnwo med.um-fine SANO, ,alurated 

Red and wh,te CLAY 

Borehole lermmared ot lOfeer below giade, ploced!empomry 

DIRECT READING {di 

,o, Depth of 

(ppm) Readm-

0.0 0-2' 

cc 2-4 

0.0 4-6' 

..... 

00 6-S' 
..... 

00 8-10 

o.o W-12' 

00 1)-14 

00 14·16' 

0.0 lli-18 

00 18-20' 

- groundware1 mon,tonng well with JO feet of 5creen and WfrN of casmg 

- "' ground surface 

-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

PROJECT HOlfNO 

CRISTAL USA FACILITY 

13. GEOLOGIST 

ANALYTICAL 

SAMrLE DESIGN 

(ej 

SB-60 ()..2 (one 8 o< so,I 1ar and one 
4 m. so,I 1ar). DUP-20 

'>B-60 1)· H \on<' 8 oi soil Jatl, 

MS/MSD-10 

Kathe,;ne Chnstensen 

DEPTH RECOVERY 

{f11 "' 

Ill '" 
75% 

50% 

J(J{l% 

SB-60 

REMARKS 

No visual eL•idence of ,tainm9 or 
odo, observed 

No vm,o/ ewdt'nce of S!oimng 01 

odor observed 

No v,suo/ evidence of $laming or 

odor ofoerved 

No v,suo/ ev,dence of ,ra,nittg or 

odor observed 



HOLE NUMBER 
SOil BORING lOG SB-61 
1. COMPANY NAME 2 ORII.I SUBCONTRACTOR SHEET Sl-!EETS 

URBAN GREEN ENVIRONMENfAl, UC GSI Mid-Atlantic, Inc. 1 of 1 
3. PROJECT 

CRISTAL USA fACIUTY 

7. NAME OF DRtllrn 8. MANUFACTURER'S O(SIGNATION Of' DRILi 
Don Marchese GEOPROBE 78220T 

9. SIZES ANO TYPES OF DRILLING AND SAMPLING EQUIPMENT 10. SURFACE ELEVATION ANO CONDITIONS 
2 on. x 5 It. macrocore 

TYPE OF LINER usrn. If APPUCABlE Graoel - Near the dbovegrnund o,1/water ,eperato, located n~ar the Ga, Tud:Hne, 
HOPE 

11. DIRECT READING PARAMETERS 12. DATE AND TIME S'lARTED 13. DATE ANO TIME COMPlETEO 
PIO /TOTAL VOCS/ 11. 7 f.V / MINIRAE 3000 4/3/15 10.45 ,1/3/15 11:15 

14. ovrnBURDl;N THICKNtSS 1S. DEPTH GROUNDWATER ENCOUNTrnrn 
>10' ,, 

16 DEPTf-l DRILl.£0 INTO ROCK 17. DEPTH TO WATER AND ELAPSED TIME AFTER OR!LL:NG COMPlf.TED 

" " HI. TOT Al OEPHI OF HOL[ 19. OTHER WATER lEVH Mf.ASUR£MEN rs {SP£Cll'YI 
,0 " '° WHl INSTAllED7 If SO COMPLH£ CONSTRUCTION 01/IGRAM SAMPl.f TYPE 
,o 

'"" '1: SAMPLE INTERVAl ANO DESIGNATION FOR !AB ANALYSIS !SAMPLE INTERVAL AND DESIGNATION fOR ,,no SCREENING ANALYSIS. SCREENING ANALYSIS 
Scul samples coliected a! 0 to 1 feet below grade 158,61 0·2) and 4 to 6 feet 

l..elow "rade (SB·61 4·6) f.very 2 feet {approx1mate] for VO Cs with a PiD voe, 
22. DISPOSITION IF NOT A WHl, SACKFlllED WITH 23. GEOLOGIST 
OfHOUC Cuttongs Ka!her,ne Christensen 

I ANALYTICAL ! DEPTH RECOVERY 
uses DOPfH DESCRIPTION Of MAHRIAL S DIRECT READING. Id) SAMPU DESIGN 

I 
IITI % REMARKS 

100 {FT) ,01 Depth of 
l•I IOI l<I !ppm) Read;n 1,1 '" 1,1 

10_-0 ~ Gravel 0,0 0-2· I S!l-61 0-2 (o"~ So;_ so,I Jar, two~ 

' oi. soil Jars and encore,) I 7'i~. 
No visual eviden.~ of ,ra,nrtrg or 

0.5-5' Brown sandy CLAY with httle gravel, moist at S feet 
O,S 2-4" 

odor observed 

" 4-6' 

1S-6' Brown sandy CLAY w,th l,ttle gravel, mo1>l 

" 6-8' 
58·61 4-6 Jone 8 o,, ,o,I Jar, 1wo q 

6-8' Gray loamy SANO, wet oz. sml Jdrs and enrn,e,) No Vt5<JOI ev,dem:~ of storm/lg or 
75% 

odorobserwd 

lMO. Brnwn fine sandy ClAY. saturated 
0,S 8-10 

Borehole teimmmed m 10/ee! he/ow gr ode 

-

-

I -
-
,, , 

- I 

I - I - I 
I 

I -- l 

-

-
-

-

-
-

-
I 

-

I -
-

-

PROJECT HotE NO; 

CRISTAL USA FACILITY SB-61 



HOLE NUMBER 

Oil BORING lOG TS.01 

1. COMPANY NAME 2. DRl!.l SUBCONTRACTOR SHEET SHEETS 

URBAN GREEN ENV/RONMfNTAl., llC GSI M1d-Atlan1ic. Inc 1 of 1 

3. PROJECT 

CRJSTAl USA FACILITY 

7 NAME OF DRlllER S. MANUFACTURER'S DESIGNATION OF DRll l 

DonMarche,e GEOPROH 7822DT 

9. SIZES ANO TYPES Of DRILLING AND SAMPLING EOUIPMHH 10. SUl\!=ACE HfVATlON AND CONDITIONS 

2 in. x S It. macrocorn 

TYPE OF tlNER usrn. ff APPLICABLE G,avel - Near the northern pcrt,on of \he prior Chio ride Ore Storage 8u1ld1ng 

HOPE 
11. DI Rf CT READING PARAMETERS 12. DATEANDTIMESTMTlD 13. DATE AND TIM( COMPl.CTEO 

PIO /TOTAL voes/ 11.7 [V / MINIRAE 3000 4/8/15 7;35 4/8/1~ 7:40 

14. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER 1:NCOUNTERED 

>S' " 16. DEPTH 01\lll!:D INTO ROCK 17. DEPTH TO WATER AND HAP SEO TIME AFTER DRIU.ING COMPlfTl:D 

" " 18 TOTAL DEPTH OF HOLE 19. OTHER WATER LEVEl MEASUREMENTS (SPFClfY) 

S' " 20. WHLINSTAlllD? llf SO COMPLHE CONSTRUCTION DIAGRAM SAMPlfTYPt 

,o '"' 
21. SAMPLf INTERVAL AND DESIGNATION fOR lAB ANALYSIS I SAMPLE INTER VA( AND DESIGNATION FOR FIHD SCREENING ANALYSIS- SCREENING ANALYSIS 

Soil samo"1' collected at Oto 2 feet below g,ade (TS-01 0-2\ fvery l feet (~pµroxim,atei for voes w,th a PID voe, 

22. DISPOSITION If NOT A WflL BACKflllED WITH. 23. GE0L0G1Sl 

OF HOLE Cuttings Kother,ne Chm1ensen 

ANALYTICAL I DEPTH RECOVERY 

,~s DEPTH DESCRIPTION or MATERIALS DIRECT READING (d) SAMPLE DESIGN {fTJ % REMARKS 

WC wn ,o, Depth of 

lal '" 
,,, (ppm) Readin° 

,,, 
"' 

,,, 
0--0.5' Browncoar>e SAND ~-~?-~_',:'~_el OA 0-2' 

- - - -- - TS-01 0-:? {one 8 o, ,o;I Jar) 
0.5--1' C~u_shed rock ---- No 111,ua/ evidence o/ swmmg or 

OS ,, SO% 
odo' observed 

1-5 Brnwn sandy (lAY and gravel ,,, 4S ' 
- Dnll,ng re/um/ on concrete o! 5/en below grad~; borehole te,-mmmed I 

I -
- I -
-
-
-
-

- I 

-
-
-

-
-
-
- I 
-
-

-
-
-

- I 
-

I -
I 

-
-
-

-
-
-
-
-
-

PROJECT KOL[ NO 

CRISTAL USA FACILITY TS-01 



HOlE NUMBER 
SOIL BORING lOG TS·OZ 
l. COMPANY NAME 2 DR Ill SUBCONTRAOOR SHEH SH HTS 

URBAN GREEN £NVtRONMfNTAL, UC GSI M,d-Atlantic, Inc 1 of l 
3. PROJECT 

CRISTAL USA FACILITY 

7 NAM£ OF DRILLER 8. MANUFACTUREffS DESIGNATION OF DRtLL 
Don Mard,e~e GEOPR06E7822DT 

9. SIZl:S AND TYf>fS Of DRILLING AND SAMPLING EQUIPMENT 10. SURFACE ELEVATION AND CONDITIONS 
2 ,n., 5 ft. macrocore 

TYPf OF UNrn USED, If' APPllCA!ILE Gravel - Near the western portion of the pr,o, Chlm,de Ore Storage Bu,ldmg 
HOP£ 

11. DIRECT READING PARAMHERS 12. DATE AND TIME STARTED 113- ~;S~El:~~~IME COMPLETED PIO/ TOTAL voe~/ 11. 7 EV/ MINIRAt 3000 4/8/lS 7.45 
14 OVERBURDEN THICKNESS 15. D<PTH GROIJNDWATl'R ENCOUNTF.REO 

~IS' 

" 16. DEPTH DRILLED INTO ROCK 17. Df'PTH TO WAHR AND ELAPSED Ti Ml An ER Dfll<.UNG COMPlHfD 

" " 18. TOfAL DEPTH OF HOL[ 19. OTl-!ER WATER LEVEL MfASUREMENTS ISPECIFY) 
,S' 

" 20. WElllNSTAU.EO' If 50 COMPLETE CONSTRUCflON DIAGRAM SAMPLE TYPE 
00 OMO 

21. SAMPlE INTERVAL AND DESIGNATION FOR lAB ANALYSIS !SAMPll INTERVAL AND DESIGNATION fOR FIHD SCRHNING ANALYSIS SCREENING ANALYSIS 

So,I saMple,<:allected at Oto 2 fee\ below grade ITS·02 0-2) and 13 to 15 ' 
feet below, rnde [fS-02 13-15) I Every 2 feet {approximate) for voe, w,th a PIP VOCs 
22. DISPOSITfON IF NOT A wm., BACKflllED WIT!-!: 23 GtOlOGIST 
OF HOLE Cuttmgs Kather,ne Christensen 

ANALYTICAL I "'"" RECOVERY 
uses DfPTI-! DtSCRIPTION Of MATtRIALS DIRECT REAO!NG (d) SAMPLE DESIGN IFTI % REMARKS 

WO im ,oc Depth of 
1,1 lo! l<I lppmj Read mg 1•1 I 10 I" 

0-0.5' Brown coarse SAND and gravel o., '" I 
1--- -- • ---- TS-02 0-2 (one Ba,. <011 ja,) 

0.5·3' Red-brown (lAY No vis<1al ewdence of swinmg or 
- ------- L. 0.4 2-4' 100% 

odor observed 

3.5· Red CLAY 
OA 4-6' 

OA "" ; rn Red and whote ctAY J(l[)o/c 
No vm,r,/ evidence of sto1m,ag ,_,, 

odor observed 

'' 8-10' 

10--11' Red and white CLAY o., 10-12" 
11-12' Red·brown sandy ClAY 

-
Na wsual ev1d~nce af staimng or 

0.5 12·14' 100% 
odor oboerved 

l.! 1S' light brown sandy CLAY, moist 
T.',-02 13·15 jone ;>. o, sml iar) ,_, 14·1~ 

Borehole rermmated or 15 fee! below grade -
-
-
-

I -
- I 
- I 
- ; 

-
-

-
- I - ' 
-
-
-
-
-
-

-
-
-

-
-
-

PROJtCT clOltNO 

CRISTAL USA FACILITY TS-02 



1-!0lf NUMBrn 

OIL BORING LOG TS-03 

1. COMPANY NAME /_ DRILL SUBCONTRACTOR SHEET SHEETS 

URBAN GRHN ENVIRONMtNTAl, llC GSI Mid·Atlantrc, Inc 1 of 1 

3. PROJfCT 

CRISTAL lJSA FACILITY 

7. NAME Of DRILLER B. MANUFACTI.JRER'S DESIGNATION Of DRILL 

Don Marchese GEOPR0Bf 7822DT 

9. SIZfSAND TYPES OF DRllUNG AND SAM PUNG fQUIPMfNT 10. SURFACf HfVATION AND CONDITIONS 

2 in. x 5 11. rnacrocor~ 

tn'PE OF LINER USED, If APPLICABLE Asphalt - Near the eastern portion of the prior Chlortde o,e s10,age Bu,lding and several storage con1aine,s 

HDPf 

11. DIRECT READING PARAMEHRS 12. DATE ANO TIM[ STARTED 13. DAH AND TIME COMPLETED 

PIO /TOTAL voes/ 11.7 EV/ MINIRA[ 3000 4/8/15 s,10 4/8/15 8.20 

14. OVERBURDEN THICKNESS 15. DEPTH GROUNDWAHR ENCOUNTERED 

>S " 16. DEPTH DRlllED INTO ROCK 17. DEPTH TO WATER AND HAPS ED TIMf AFTER DRILUNG COMPLETED 

" " 18. TOTAL DtPTl-l Of' I-JOL£ 19 OTHcR WATER LEVH M[ASUR[MENTS {SPECIFY) 

; " 20. WEll lNSTAlLt0' ( SO COMPlfT[ CONSTRUCTION DIAGRAM SAMPLfTYPE 

,o GRAB 

11. SAMPLE INTERVAL AND DESIGNATION FOR lAB AN Al Y',IS ISAMPI.E IIHERVAl AND DESIGNATION FOR flf.lD SCREENING ANALYSIS SCREENING AN Al YSIS 

So,1 sample collected at O lo 2 feet below ernde (TS-03 0-2) Every 2 foet japprox,mate) for voes with a PID VOC< 

22. DISPOSITION If NOT A WELi .. !IACKFllttD WITH 23. G£0l0GIS1 

OF HOLE Cumngs Katherine Chmtensen 

AN Al YTICAl DEPTH RECOVERY 

uses DEPTH DESCRIPTION Of MATERIALS DIRECT RtADING (d) SAMPLE DESIGN (CCI % REMARKS 

,oc (CCI "' Depth of 

l•I '"' (cl lppm) RNdtng 1,1 '" lg) 

0-0S Asphal1 -------- OS 0-2' 
- --------- TS-03 0·2 lone 8 o,. soil 1ar) 

o.s-2· ~ed-brown sandy ClAY 
-- ----- No v,suol ev1den1;e of sto,n,ng or 

c_s 2-4' 100% 
odor observed i 

2-5' Red CLAY I 
I 

O_I 4-5' I 

Bor<>hole terminated ot 5 feet belowg1ode -
-
-

I - I 
I - I 
I - I 

-
-

-
- I 

I -
-

-
-
-

I -
-
-
-
-
- i 

I -
-
-
-
- i 
-

-
-
-
-
-
-

PROJ[CT HOLE NO 

CRISTAL USA FACILITY TS-03 



HOI.E NUMBER 
SOIL BORING LOG "~' 1. COMPANY NAME 2 DRlll SUBCONTRACTOR SHH:T SHHTS 

URMN GRHN HNIRONMENTAL, llC GSI M1d-Atlanm, In< 1 of 1 
3. PROJECT 

CRISTAi. USA FACILITY 

7. NAME Of DRILLER !!. MANUFACTURER'S DESIGNATION Of DRILL 
Don Marchese GfOPROBE 78220T 

9. SIZES AND T'!'PES OF DRllllNG AND SAMPLING EQUIPMENT 10. SURFACE ElEVIITION ANO CONDITIONS 
2 in. x 5 ft. macrocore 

lrvPE OF UNrn usrn. If APPLICABLE Asphalt - Near the southwestern portion of thP. prior Chlonde Ore Storage Bwldmg 
HOPE 

11. DIRECT READING PARAMETERS 12. DATE ANO TIMf STARTED t3. OAHANOTIME COMPtETED 
PIO/ TOTAl voes/ 11.7 EV/ MINIRAE 3DOG 4/8/15 8:25 4/8/15 8.45 

14. OVERBURDEN THICKN!:SS 15. D<PTH Gfl.OUNDWATHI ENCOUNTERED 
,o· 

" 16. DEPTH DRlllED INTO ROCK 17. DEPTH TO WATER AND ELAPSf.D TiMf AFTER DAllLING COMPlfT1:D 

" " 18. TOTAL DEPTH OF HOLE 19. OTHER WATfR lfVEl MtASUREMHITS {SPfCIFY) 

W' " 10. WHl INSTALLED'' If SO COMPlErf: CONSTRUCTION DIAGRAM SAMPLt rvn 
%0 GRAB 

~SAMPLf INTERVAL ANO DESIGNATION FOR LAB ANAl YSIS t ISAMPLE IVTERVAl AND DESIGNATION f'OR FIElD SCREENING ANALYSIS SCREENING ANALYSIS 

samples collected a! 0 to 2 feet below gfdde (TS-04 (l--.li and S to 10feP.t 

• 'TS-04 8·101 Every 2 feet {approximate) for voes with a PIO '°" 22. LJl>PU>l I ION IF NOT A WEll, BACKFIUED WITH 23. GEOLOGIST 
OF HOLE tunings Katherine Clmstensen 

/INAlYTICAL DEPTH RtCOVERY 
uses DEPTH DESCRIPTION OF MATFRIA!.5 DIRECT READING {di SAMPLE DESIGN [R] % REMARKS 

LOG {FT) ,o, D~p1h of ,., 
'"' 

,,, lppm) Read,n~ [e) [[) '" 0-1' 8rown coarse SAND and Eravel 

°' 0-2· .. TS-04 0-2 (one 8 oi. so,i jar) 

1·3' Brown medium-fine SAND No v,suol ewden~e of.<toimng or 

' "' 
,., 100",0 

odor observed .. 
I 3-5' RedClAY 

"" 4-5' I 

"' 6-8' I No vi<uo/ evidence of <taimng or 5·10' Red and white CLAY ,-
I odor Dbserv~d 

"' 8-10 TS-04 8- !O lone l!G,. sml 1arl; OUP 
I " Dnflmg refu<ol ot JO/eel below grade; borehole 1Nmmoted -

' -
-
-

-
-
--
-

' - i -
I -

- I -
-
-
-
-

-

I 
-
-

- i 
-
-
-
-
-

-
-
-

PROJECT HOU NO.; 

CRISTAL USA FACILITY TS-04 



HOLE NUMBER 

SOil BORING LOG TS-OS 

1. COMPANY NAME 2. DRILL SUBCONTRACTOR SHEfT SHfETS 

URBAN GRHN ENVIRONMENT Al, llC GSI Mrd-Atlantic, Inc. ' o< ' 
3. PROJECT 

CIUSTAl USA FACILITY 

7 NAME OF DRlllER S. MANUFACTURER'S DESIGNATION OF DRI!! 

Don Marchese Gf:OPROB[ 7822DT 

9. SIZES AND TYPfS Of' DRILLING AND SAM PUNG EQUIPMENT 10. SURFACE !'lfVATION ANO CONDITIONS 

2 in., S ft rnacrocorn 

TYPr OF UNER usrn. If APPUCABLf Gras, On road to the prior Titanium Ore S1orage arna 

HOPE 

11. DIRECT READING PAIIAMtTERS 12. DATE AND TIME STARTfD 13. DATE AND TIME COMPLCTED 

PIO /T01AL voes/ 11.7 EV/ M!NIRAE 3000 4/8/15 9.00 4/8/15 9:05 

14. OVER!IURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED 
,,, 

" 16. DEPTH ORIUED INTO ROCK 17 DEPTH TO WATER AND tlAPStD TIM!: AFTER DRILLING COMPUTED 

" " 18. TOTAL OE'PTH Of HOUC JS. OTHER WATER LEVEL MEASUREMENTS 1SP£CIFYJ 

S' " 20. WflllNSTALLED? !IF SO COMPtETE CONSTRUCTION DIAGRAM SAMPLfTYP£ 

so "" 21. SAMPLE INTERVAL AND OES!GNATION fOR lAB ANALYSIS ISAMPLf INTERVAL AND DESIGNATION FOR flElD SCREENING ANALYSIS SCRffNING ANALYSIS 

Soil sample collected at Oto 2 feet below era:!e ITS-OS 0-2' Every 2 feet lapprox,mate) for voe, with a PID ooc, 
22. DISPOSITION IF NOT A WHl, BACKFILLED WITrl 23 GEOLOGIST 

OFHOlt Cuttings Katherine Chm1ensen 

ANAtYTICAl DEPTH RfCOVfRY 

uses DfPTH DESCRIPTION or MATfRIAl5 DIRECT READING ld) SAMPLE DESIGN lnJ % REMARKS 

WO lnJ "' Depth of 

l•I lo( 1,1 lppm) Readin° lei '" '" 
0-1' Brown coarse SAND and grn,·el 

-··-· --------
0.0 0-2' 

... . ..... TS-05 0-2 lone 8 oi. soil 1ar) 

1-4' L1Bht brown medium-1,ne SAND 75% 
No 111<uo/ ev,dence of sra,ning or 

°' '' odor ob<erwd 

I 
~s Red CLAY o., 4-S' I 

Borehole rermmG!ed 0/ 5 /Pet bdow grade -
-
-
-

-
- I -

I -

' -
-
-
-
-
-
-
-
-
-
-
- I 

I -
-
-
-

- ' -
I -

-
-
-
-
-
- I 

PROJECT KOLE NO. 

CRISTAL USA FACILITY TS-05 



HOlE NUMsrn 
SO!l llORtNG LOG TS--06 
1. COMPANY NAME 

URBAN GREEN ENVIRONMENTAL, llC 

2. DRILL SUBCONTRACTOR 

Gs: M,d-Atlant,c, Inc 

SHHT SHEETS 

1 of 1 
3. PROJtCT 

CRISTAL USA fACIUTY 

7. NAME Of ORILltR 

Don Marchese 

9. Sil.SAND TYP!:S Of DRllll!\IG ANO SAM PUNG EQUIPMENT 

2 m. x S 11. macrocorn 

TYPE OF LINER usrn, IF APPLICABLf 
HOPE 

11. DIRECT READING PARAMETERS· 

PIO/ TOTAL voes/ 11.7 EV/ MINIRA[ 300{) 
14. OVERBURDEN TKICKNES> 

~1s· 
16. DEPTH DRILLED INTO ROCK 

" 18. TOTAL DEPTH OF HOlf 
,s 

20. WHl INSTAllfD' IF SO COM Pl Hf CONSTRUCTION DIAGRAM 
,o 

8. MANUFACTURER'S OESiGNATION Of DR!ll 

GEOPROBf 7822DT 

10. SURFACE ELEVATION AND CONDITIONS 

Gt~ss - On top of the hill in the nonhwestern pomo" of the pnar T,tan,um o,e Storage area 

12. DATE A"ID TIME STARHD 

4/8/15 9:SS 

1S. DEPTH GROUNOWATrn ENCOUNTERED 

13. DATE AND TIME COMPtCTED 

4/8/15 10'15 

17. DEPTH TO WAHR AND HAPSED TIME AFTER DRllllNG WMPLEHD 

" 19. OTHER WATtR LEVEL MEASUREMENTS !SPECIFY) 

" SAMPLETYPl 
GRAB 

21. SAMPLE INHRVAl AND DESIGNATION FOR LAB ANALYSIS 

Sari samples collected at Oto 2 feet below grade (TS-06 0-2) and 13 to 15 

fee! bdow grade \TS·D6 13-15j 

SCREENING ANALYSIS 

I
SAMPLE INTERVAL AND DtSIGNATION FOR mm SCREENING ANALYSIS. 

Every 2 feet (appmximate) fo, voes wah a PIO 
22. DISPOSITION IF NOT A WELL. llACKfil.lEO WITH; 

OF HOLE 

uses DEPTH 

100 IITI 
1,1 lo! 

0-1' 

11·2' 

2-3' 

l,S" 

5-6" 

6-8" 

' 
8-10' 

10-15" 

PROJECT 

Cuttings 

OESCRIPnON OF MATERIALS 

1,1 
Fill {Brown sandy day and gravel) 

1FllL __ {(;r_aY __ medium-f,n_e .. sa.~d and gravel,_wh<te loam at 2 feet) 

Fill (Brown sandvday and gravel) 

FILL I Red day) 

, fill (Dar, t,,own fine sar,d) 

Fill jS,own sandy day I 

Fill I Dark brown n,ed,um-f,ne sand and gravel. line of wh1tes!1dcy loam a! 

9 feet] 

Fill {Dark brawn m~d1um•l,ne sand), moist a! base 

_ Borehole rerm,nated ot 15 feel bdow 9rode 

-
-
-

.. 

--

-

-
-

-
-
-
-
- -

-
-
-

-

-
-
-

CRISTAL USA FACILITY 

2.1. GEOLOGIST 

ANALYTICAl 

DIRECT READING {di SAMPLE DESIGN 

,oc Depth of 
(ppm) Readmg 1,1 
o., or 

TS-06 0-1 lone 8 oz soil Jar) 

o., 2-4" 

" 4-6" 

OS 6·8' 

,.o 8-10 

00 10-12' 

" 12-14 

TS-06 13-15 {one 8 o,. soil jar) 
o., 14 15 

HOU NO: 

Katherme Chris1ensen 

DEPTH RECOVERY 

{FT) % 

"' I" 

50% 

75% 

50% 

! 

TS-06 

REMARKS 

No viwal evidence of srninrng or 
odor ob,e,ved 

No v«uol ewdence of ofommg or 

odor ob,erved 

No v,rnal ev,dence of,tmmng or 
odor ob,erved 



SOIL BORING LOG 

tlOlE NUMBf.R 
THl7 

l. COMPANY NA Mt 2. DRltl SUBCONTRACTOR SHEfT SHECTS 

URBAN GRHN ENVIRONMENTAL, llC GSI Mid-Atlantic, In< 1 of 1 

3. PROJ((T 

CRISTAL USA fAClllTY 

7. NAME OF ORlllER 8. MANUfACTURER·s DESIGNATION OF DRlll 

Don Marchese GEOPROBE 7822D1 

9. S12fS AND TYPES OF DRllllNG ANO SAMPLING EQUIPMtNT 10. SURFACE Hl'VATION ANO CONDITIONS 

21n.>$h.rnacrocore 
TYP£ Of llNfR lJSfD, IF APPUCASlE Grass In nortfie,n porllon of the prior rnanillrn O,e Slorag~ area 

HOPE 

11. DIRECT READING PARAMETERS· 12. DATI ANO TIME STARTLO 13. DATE ANO TIME COMPlITTD 

PIO/ TOTAL voes/ 11. 7 EV/ M!NIRAE 3000 4/8/15 10.20 4/8/15 10.-JS 

14. ovrneuRDtN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED 

,10' 
,, 

16. DEPTH DRILLED INTO ROCK 17. DEPTK TO WATER AND ElAPSEDTIME AFlER DRILLING COMPl[HD 

" " 18. TOTAL DEPTH OF HOl.f 19 OTHER WATl:R lEVEI MEASUREMENTS ISPfCIFY) 

W' " 20 WHllNSTA!lED' llf SO COMPLETE CONSTRUCTION DIAGRAM SAMPlETVPl 

,o OMS 

21. SAMPLE IN1rRVALAND DESIGNATION FOR lAB ANALYSIS l'.AMPlEc I~ TlRVAl AND DESIGNATION fOR fltlD SCREENING ANALYSIS- SCREENING ANALYSIS 

So,1 samples collected a\ (l to 2 feet below grade (TS-07 0·21 and 4 to 6 feel 
below grade ITS-07 4-5) Every 2 feet (approximate) for VO Cs w,th a PID voes 

22. DISPOSITION If NOT A WELL, SACKFIUfD wrn-i 23 GEOLOGIST 

OF HOL[ (UtlH\!(S Kathe,;ne Chnstemen 

ANALYTICAl DEPTH RfCOVERY 

uses DEPTH DESCRIPTION OF MATERIALS DIRECT RfAOING {d) SAMPLE DESIGN {FT) % REMARKS 

WO IFll SOI Depth of 

l•I lol 1,1 (ppm) Readmo 1,1 l'I 1.i 

M light brown medtum-ffnc SAND 
o, "' TS-D7 0-2 (one 8 oz. soil 1ar]; DUP-16 

..... .. No v,«,a/ eddence of srommg or 
0A 2-4' 

I '" odo, observed 

2-5' Ugh! brnwn,orange siltv CLAY 

'' 4-5' 

TS-07 4-6 (one S oz. soil jar), 

0.1 6·8' MS/MSD-08 

S·10" L,ght brown•orange silt,, CLAY, saturated from 6 to 10 feel 7S% 
No v1wal evidenu of srwn,ng o, 

odor observed 

cs 8-10' 

Borehole rermmated at lOfeer below 9rode -
-

' -
- I 
- I 
- i 

' -
-
-
-
-

- i 
I 

-
- I 
-
-
-
-
-
- I 
-
-
-
-
-
-

-
-
-

PROJECT HOU: NO 

CRISTAL USA FACILITY TS-07 



HOLE NUMBER 
SOIL BORING LOG TS-08 
1. COMPANV NAME 2. DRllL 5U8CONTRACTOR SHHT SHEETS 

URBAN GREEN ENVIRONMi:NTAL, UC GSI M1tl-AOantic, Inc 1 of 1 
3. PROJECT 

I CRISTAL USA fAClllTY 

7. NAME OF DRltLER 8. MANUFACTURER'S DESIGNATION Of ORILl 
Don Marchese GEOPROBE 78220T 

9. S1Z£S AND 1YPtS Of OR!LllNG ANO SAMPLING EQUIPMENT 10. SURFACE flfVATION AND CONDITIONS 
2hx5h macrocore 

TYPE Of llN£R usrn. IF APPUCABU: Grass In southern port,on of the pr,or Taan,um Ore Storage atea 
HOPE 

11. DIRECT READING PARAMfTERS 11 DAT£ AND TIME STAl!HO 13. DATE ANDT!Mf COMPlHED 
PID / TOTAL VOCS / 11.7 EV/ MINIRAE 3000 4/8/15 9:10 4/8/15 9:15 

14. ovrnBUfmEN THICKNESS 15. OEPTli GROUNDWATER ENCOUNTfRED 
~1s· 

" 16. DEPTH ORltlW INTO ROCK 17. DEPTH TO WATER ANO ELAPSED TIME AFTER DRILUNG COMPlHfD 

" " 18. TOTAL DEPTH OF MOLE 19. OTHER WATER tEVH MEASUREMENTS (SPEC!FY) 
,s' 

"' 20. WHL INSTAllEO' If SO COMPUTE CONSTRUCTION DIAGRAM SAMPLE TYP£ I 110 GRAB 
21. SAMPLE INTERVAL ANO DESIGNATION FOR LAB ANALYSIS rAMPLE INTERVAL ANO DESIGNATION FOR FIELD SCREENING ANALYSIS. SCRHNING ANALYSIS 
So,t samples collecied a! o to 2 feet be!ow grade jTS-08 0·21 and 13 to 15 

feet below ordde {TS-OS 13-151 Every 2 feet {approximate) to, voes w,th a PID voes 
22 DISPOSITION If' NOT A WHl, BACKFIUED wm, 23.GEOLOGIST 
OF HOLE Cuttin~s Kathe"ne Christensen 

ANALYTIC Al I DEPTH RECOVERY 
uses DtPTl-1 DESCRIPTION OF MATERIALS DIRECT READING {di SAMPLE DESIGN {FT) % RlMARKS 

100 (FT) IIOC Depth of 

"' lol 1,1 !ppm) Readmg {ol Ill 1,1 
0' Brow~ coarse SAND and grav,el 

. 
o.s 0-2' 

TS-08 0-2 (one 8 oi. sml 1arl 

1-4 S' Red CLAY o., 2-4' 75% 
No Ymw/ ev,dem;e of .,tmmng or 

odor obsNYed 

4.5-5' Red-brown medium-fme SAND 

°' 4-S' 

°' 6-8' 
I 

I No v,sua/ evrdence of s/ammg or 5-10' Red and wh,t~ CLAY 100% 
odor ob,erwd 

o., 8-10' 

Ill 10-12' 

l0,15' Red CLAY 

"' ll-14 100% 
No V"<JOI eY,dence of slmmng or 

odor observed 

l"S,08 lJ-15 (one 8 o,. soil 1ar) 
OS 14-lS 

8oreho/e terminated ot 15 fnr he/ow grade -
-
--
-
-

I -

- i 
-
-
-
-

I -
-
-
-
-

-
- I -

-
-
-

-
-
-

PROJECT HOLE NO 

CRISTAL USA FACILITY TS-08 



SOit BORING tOG 

IHOLf NUMBER 

"~ 
1. C:OMl'ANY NAME 2. ORIU SUBCONTRACTOR SHEET SH[ETS 

URSAN GRHN lNVIRONMENTAl, llC GSI M;d-Atlamic, Inc. 1 of 1 

3. PROJECT 
CRIST Al USA FACILITY 

7. NAME OF DRllllR 8. MANUFACTURfR'S DESIGNATION Of DRILL 

Don t,farche<e GEOPRO!H 78220T 

9. SIZfSAND TYPES. Of DRllUNG AND SAMPLING EQUIPM!:NT 10. SURFACE HEVATION ANO CONDITIONS 

2 in., 5 /1. macrocore 

TYPE OF llNER USED, If APPLICABLE Grass- In eastern portion of the prior Titan,um Ore Storage area 

HOPE 
11. DIRECT READING PARAMETERS 12. DATI AND TIM£ STARTED 13. DATt AND TIMf COMPLETED 

PIO/ TOTAL voes/ 11.7 EV/ MINIRAE 3000 4/li/15 10:50 4/a/15 11:00 

14. OVERBURDEN THICKNESS 1S. DEPTfl GROUNDWATER lNCOUNTfRED 

,s " 16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WAHR ANO HAPSEDTIMf AFTER 01\llllNG COMPl[TED 

" " 11!. TOTAL DEPTK OF f-lOL( 19. OTHfR WATER tEVH MEASUREMLNTS ISPEClfY) 

s " 20 WElLINSTAlltDl IIF so COMPlfTE CONSTRUCTION DIAGRAM SAMPlf TYPE 
,o '"'" 21. SAMPlE INTERVAL AND DESIGNATION rnR lAB ANALYSIS /SAMPLE INTfRVAl AND DtSIGNATION rnR flElD SCREENING ANALYSIS- SCREENING ANALYSIS 

Soil samole collected a1 Oto 2 feet below ~,ade (TS-09 0-li Every 2 feet {appro~1mate) for VOCs with a PID voe, 
22. DISPOSITION ff NOl A W[ll, BACHlllfDWITK 23. GEOLOGIST 

OF HOLE Cunrngs Katherine Christensen 

ANAlYl"ICAl i DEPTH RECOVERY 

uses 1~£PTH NSCRIPTION OF MATERIALS DIRECT READING (d) SAMPlf D£>1GN I 1m % REMARKS 

' LOG 1FTJ ,oc Depth of 

l•I lo! 1,1 lppm) Reading 1,1 )II '" C, l}-2' 
TS-09 Q-2 lone So,. soil Jar) 

OS Orange-brown s<!(y Cl.AV, moist at ha,~ rn '' I 
75% 

Na v,suai evidence af ,-immng 01 

adar observed 

' '' 4-5' ' 
Borehole !Prminaled or 5 feet below grade -

-
-
-
-
-
-
-

-
-
-
-

-
-
-
- i 
-
-

-
-
- I 
- I 
-

I -
I -

- I 
- I 
-
-
-
- I -

i -
PROJECT· HOLE NO 

CRISTAL USA FACILITY TS-09 



HOLE NUMBER 
~Oil BORING LOG TS·lO 
1. COMPANY NAME 2. DRlll SUBCONTRACTOR SHHT SHEETS 

URBAN GRHN ENVIRONMENT Al, lLC GSI M;d-Atlantic, inc > of ' 3. PROJECT 

CRISTAL USA FACILITY 
7. NAME OF DRILLER 8. MANUFACTURER'S DESIGNATION Of DRILL 

Don Marchese Gf0PROB£7822DT 

• SIZES ANO TYPES OF DRILLING ANO SAMPLING EQUIPMHH 10. SURFACE EI.EVATION AND cmm1110NS 
2 <n. x 5 ft. macroco,~ 

TYPE OF LINER USED. !f /\PPLICABLE Gravel Ir, soolhea,tefn portwn of the prior TEtan,um Ote Storage area 
!-!OPE 

11. DIRECT READING PARAMEHRS 12 DATE /\ND flMESf/\RfflJ B. DIITE AND TIME COMPlfTED 
PIO/ TOTAL voes/ 11.7 EV/ M!NIRA[ '!000 4/8/15 9;35 4/8/15 %0 

14 OVERBURDEN THICKNESS 15 DEPTM GROUNOWAHR ENCOUNTERED 
,; 

" 16. DEPTH DMlED INTO KOCK 17. DEPTM TO WATER AND HAPS ED TIM[ AFTER DRILLING COMPL!:TED 

" " 18. TOTAL DEPTH OF KOU: 19. OTHER WATER lEVfl MEASUREMENTS ISP!'CIFYi 
; 

" 20. WHL!NS1'AllED' IF 50 COMPLflf CONS-I RUCTION DIAGRAM )AMPLET,'P[ 

" GRAB 
21. '>AMPU INTERVAL AND OfSIGNATION FOR lAB ANALYSIS l'>AMPl[ l~HRVAl AND DESIGNATION !-OR fl HD SCREENING ANAlY51S- SCREENING ANALYSIS 

Sml sample collected at Oto 2 feet below grclde {TS-10 0-2' £very 2 feet (approximate) for voes with a PID voes 
22. DISPOSITION If NOT A WHl, BACKflllED WITK 23. GtOLOGIST 
OF HOLE Cutt,ng, K~therine Christensen 

ANALYTICAL i DEPTH RECOVERY 
uses O[PTH DESCRIPTION OF MAH'RiAlS DIRECT READING (d) SAMPt[ DESIGN. I 1n1 % REMARKS 

co, '"' "' Depth of I ,,, 
"' ,,, lppm) Read,n• ,., ' '" 

,,, 
0-0.5' _B'.~\.\<n cnar«:_ S~ND and g~avel 

.. 
LO G-2' 

I 
TS-100-l {one 8 o,. ;o1l 1<lr) 

0.5T 
... 

.. r~n medtum-f,ne SAND 
No vm,al evidence af,wmrny 01 

°' 2-4' I ,S% 
odot observed 

1-5' Red and wh,te ClAY 
I 

" 4-S' 

Borehole re1mmated or~ feet /Jdow grade 
-

- Collected IS-01 to T5-l0 COMP from 
surf~ce soil o! TS-01 to rS-10 s0<I - bormgs {one 4 o,. soH iar) -

. 

-

-
-

-
·-·· 
-

- ' ' - I 
-

-
-

-
. 

-
-
-

I 
I 

-- I 

-
-
-

--- I 
PROJECT HOlfNO. 

CRISTAL USA FACllllY TS-10 



SOil BORING LOG 

l. COMPANY NAME 
LJRBAN GRffN fNVIRONMfNTAl, LLC 

3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 

Don Marchese 

9. SIZES AND TYPES OF DRI! UNG AND 5AMPUNG EQUIPMENT 

2 in. x 5 ft. macrocore 

n'P[ OF UNER US[D, If APPUCASlf 

HOP£ 

11. DIRECT READING PARAM£TER', 

PIO/ TOTAL VOCS / 11.7 EV/ MINIRAf 3000 

14. 0VfR8UROEN THICKNESS 

>10' 

16. DEPTfi ORlllfD INTO ROCK 

" 18. TOTAL Ol'PTH 01' HOlf 

,O' 

20. WELllNSTAllED' 

,o 
r SO COMPLH'f CONSTRUCTION DIAGRAM 

2. DR Ill SUBCONTRACTOR 

GSI M1d-Atlanm, Inc 

1-lOLE NUMBER 

8. MANUFACTURER'S DESIGNATION OF DRILL 

GEOPROBE 7822DT 

10. SURFACE fLEVATION /IND CONDITIONS 

UB-01 

SHHT 

Gravel. Northern ponion of1he Upper Basm 

12 DATEAND1'1MtSTARHD 

4/1/15 7:45 

15 DEPTH GROUNDWATER fNCOUNTERfO ,. 

13. DAH ANO TIME COMPLEHO 

4/1/15 a-OS 

17. DfPTfi TO WATER AND HAPS ED TIM£ AFTER DRlttlNG COMPL£T[D 

19. OTHER WATER lEVH MEASUREM[N1S {SPfCIF'I) 

SAMPlf TYPf 

GRAS 

51-lHTS 

1 of 1 

21_ SAMPlt INTERVAL AND DESIGNATION FOR lAS ANALYSIS ISAMPlE INHRVAlANO DESIGNATION f'OR flElD SCREl;NING ANALYSIS. 

So,I samples collected at Oto 2 feet below grade (UB--01 0--2) and 5 to 7 feet 
below erade ILIB-015-7) fw,y 2 feet {approx,mate) for VOfa wrth a PID 

SCREENING ANALYSIS 

voe, 
22. DISPOSITION 

Of HOLE 

uses DEPTH 

lOG (FT) 

(a) (bl 

O·l' 

3-5' 

5-7' 

9-10 

PROJ[CT 

If NOT A WELL, BACKflllED WITH 

CuU1ngs 

O[SCRIPTION Of MATERIALS 

lei 

Ugh! brown lone SANO, mo,s! 

,, 

Brown sandy GAY, mots! 

Brown sandy ClAY with httle gravel, mms! 

Brnwn sahdy (lAY, wet 

Dark gray fine SANO, we1 

_ Bore/role rermmoted DI 10/~e, below 9rad~ 

-
-
--

-
-
-
-

-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-

CRISTAL USA FACILITY 

.,., .... 

.. 

DIRECT READING {d) 

coc Depth of 

lppm) Readrn° 

c; " 
"' ;4 

"' 4.f;' 

OS '' 
"' g 10' 

HOtf NO 

23. GEOLOGIST 

ANALITICAl 

SAMPl.E DESIGN 

1,1 
LJB-01 0-2 (<me 8 c,. soil jarl; DLJP-

M 

US-01 S-7 (one 8 o,. so,I 1arl: 

MS/MSD-02 

Katherine Christensen 

DEPTH RECOVERY 

IFTJ % 

10 1,1 

75% 

100% 

UB·Ol 

RtMARKS 

No v1suoi ev,denu of swming 01 

odm ob,erved 

No visual e,,,dence of mumng or 

odo1 obse<ved 



1-lOlE NUMBER 
SOIL BORING lOG UB--02 
1. COMPANY NAMf 2. DRllL SU!ICONTRACTOR SHEET 51-ltETo 

URBAN GREEN ENVIRONMENTAL, lLC GSI M;d·Atlantic, Inc 1 of 1 
3. PROJffT 

CRISTAL USA fACILITY 

7_ NAME OF 0Rlll£R 8. MANUFACTURER'S DESIGNATION OF DRli.l 
Don Marchese GEOPRO!IE 7822DT 

9_ SIZES AND TYPH Of DRILLING AND SAMPLING l'QUIPMENT 10. SURFACE ELEVATION AND COND•flONS 
2 in_, S ft_ macrocore 

n'Pf. OF llNER USED. IF APf>UCABlE Gravel We,tetr'I portion oft he Uppe, Bason 
HOP< 

11. DIRECT READING PARAMETERS 12 DATE AND TIME STARTED 13_ DA!'E AND TIME COMPLEfED 
PID / TOTAL voes/ 11-7 EV/ MiN!RAE 3000 4/1/158,10 4/1/15 8:20 

14. OVER!IURDEN THICKNE% 15. DEPTH GROUNDWATER ENCOUNTERED 
~10· S' 

16- DtPTH DRILLED INTO ROCK 17. DEPTH TO WAHR ANO HAPS ED Tl Mt AFTER DRILLING COMPlEHD 

" " 18- TOTAL D!'PTK OF 1-lOLE 19 OTlffR WAHR LEVEL MEA)UREMEN rs I SPECIFY) 
w " 20. WHllNSTAllED' IF SO COMPLETE CONSTRUCTION DIAGRAM SAMPlE TYPf 
so '"'" 21: SAMPLE INTERVAL AND DESIGNATION FOR lA!l ANALYSIS • ISAMPlf INTERVAL AND DESIGNATION FOR FIHD SCREEN'NG ANALYSIS SCR££NING ANALYSIS 

So,I Hmples collec!ed ,it Oto 2 fret below grade (Ull-02 0-2) and 3 1o 5 foet 

below rade {UB,02 3.51 Every 2 feet (approximate) for VOCs with a PID ,oc, 
22. DISPOSITION IF NOT A Whl, BAC~FillED WITH 23. GEOLOGIST 
OFHOU: CuUings Katherine Chnstenser> 

ANALYTICAL Df.PTH RECOVERY 
uses DEPrtt DlSCRIPTION OF MATERIALS DI Rf CT READING {di SAMPLE DESIGN. ,~, % RtMll.RKS 

'°' ,~, ,oc Depth of ,,, IOl 1,1 !ppm) Re~dine I•) {fl 1,1 

o, Red·brown CLAY 
o., 0-2" 

UB-02 0-2 {one 8 O! <oil jar) 
... I No vi<uol ev,dence ofstoimng or 2-3S _ .. u_g_ht tan loamy SAND. moist ).0 }-4 I 90% 

odor observed 
3.5-4' Dari< brown ,Hty SAND. moist 

~---------- - -- lJB 02 3-5 (one 8 o, soil Jar) I 4-5' White lo~my SAND, mo,st 

" 4-6' 

5-7' Whrte lo~my SAND, wel, saturated 6 to 7 fe~l I 
. OS 6-S' 

I No V!>"o/ ev,dence of ,tommg or ,~, 
7-9.5' Dark btown loamy SAND, wet odor ob<erwd 

'·" rn 
9.5-10' Wh,te loamy SAND, we! 

8ore/,o/e terminated at 10/~Pt below grade -
-
-
-

-
- I 
--

I -
' 
' -

-
-

-
' -

-
- I 
--

' - I 
I 

-
-
-

-
-
-

-
' -

-

-
-
-

I 

PROJECT HOlt NO 

CRISTAL USA FACILITY U8·02 



°SOIL BORING LOG 

IKOlf NUMBER 
UB·03 

1. COMPANY NAME 2. DRILL SUBCONTRACTOR SKEE1 SKf£TS 

URBAN GRHN ENVIRONMfNTAL. lLC GSI Mid·Atlantfc, Inc 1 of l 

3. PROJfCT 
CRISTAL USA fACILITY 

7. NAMfOf DRlllER 8. MANUFACTURER'S DESIGNATION OF DRlll 

Don Marchese GEOPROH7822DT 

9. 512£S AND TYPES or DRILLING AND SAMPLING 1'QUiPM£NT 10. SU Rf AU ELEVATION AND CONDITIONS 

2 in., 5 ft macrocore 
TYPE OF LINER USED, IF APPI.ICABLE Grass Central ponion of the Upper Ba,;n 

t1DP£ 
11. DIRECT READING PARAMET[RS ll. DA1E AND TIME STARTED 13. DATE ANO TIME COMPLETED 

PID / TOTAL voes/ ll.7 EV/ MIN!RAE 3000 4/l/1S 8.30 4/1/lS S:45 

14. OVfRBURDlcN TH!CKNt55 15. OEPTl-l GROUNDWATER ENCOUNTERED 

>10' ; 

lb. DffTH DRIUW 1N10 ROCK 17. DEPTK TO WATER ANO flAPSED TIME A!-TER DRllLING COMPltTW 

" " 18 TOTAL DEPTK OF KOi t 19. OTHER WATER lEVH MEASUREMENTS (SPECIFY) 

w " 20. WELL lNSTAllEO? If SO COMPlt1£ CONSTRUCTION DIAGRAM SAMPlE TYP( 

,o ""'" 21. SAMPLE INTERVAL AND DESIGNATION FOR LAB ANALYSIS ISAMPLf INTERVAL AND DESIGNATION fOR FIELD SCREENING ANALYSIS. 5CRHNING ANALYSIS 

Soil samples collected at Oto 2 feet below grade {UB-03 0·21 and 3 to 5 feet 
below 9rade (UB-03 3-51 fvery 2 feet {appro~1mate) for VOC; w,th a PIO '°'' 
22. DISPOSITION IF NOT A WELL, BA(KflllEO WITH: 23. G(OlOGIST 

OF HOLE Cuttings Kather,ne Clmstensen 

ANALYTICAL DEPTH RfCOVERY 

use, DEPTH DESCRIPTION OF MATtRIALS DIRECT READING (d) SAMPLE DfSIGN 1"1 % REMARKS 

WG ,ni "' Depth of 

l•I lol 1,1 !ppm) Reading M '" lei 

o., 0-2' 
LIB-03 Cl-2 lone 8 o,. so,: 1ar) 

0-3' Datk brown sandy CLAY with httle gravel 

o; 75"1. 
No v1>ual evidem;e of sroimng or 

-------!-- '' odor observed 

3-5' Brown loam\' SAND. moist, wel at ba,e 
OS 

UB,03 3-5 (one 8 cz. so;I Jacl 
~-6' 

5·7' Brown loamy ~ND, wet 
........ 

,.o 0-8' 
No vm,al ev1den<e of sro,mng or 

90% 
odor observed 

7-lff Dark g,ay silty SMIID. wet OS B-\Q 

Bordwie rerm,noted or 10/eer he/ow grade -
-
-
--

-
- i -
-

-
-
-
-
-
-

-
I 

-
-
- I -
-

-
-
-

-
-
-
-
--

PROJECT HOlf NO 

CRISTAL USA FACILITY UB-03 



HOlE NUMBER 
i."ll BORING lOG US-04 
1. COMPANY NAME 2. DRILL SUBCONTRACTOR SHEET SHEETS 

URBAN GREEN fNVIRONMtNTAL, LLC GSI M;d-Atlant,c, lnc. l of 1 
3 PROJfCT 

CRISTAL USA FACILITY 

7. NAME Of DRIUER 8. MANUFA(TURER"S DESIGNATION N DRlll 
Don Ma,chese GEOPROBt 7B22DT 

9. SIZES AND TYPES OF DRILUNG ANO SAMPLING EQUIPMENT 10. SURFACE ELEVATION ANO CONDITIONS 
2 ,n. x 5 It. macrocore 

TYPE OF LINER USED, IF APPUCABlE Grass Southeas:e,n port,cn of the Upper Basin 
HOP£ 

11. D!RfCT READING PARAMETERS 12 DATE AND TIME STARTl;O 13 OAH AND rtME COMPlrTED 
PID /TOT Al voes/ 11. 7 EV/ MiN!RAE 3000 4/1/15 13;45 4/1/15 14-os 

14. OVERBURDEN THICKNESS 15. DEPrH GROUNDWATER ENCOUNTERED 
>10' ,· 

16 DEPTH DRlllfO INlO ROCK 17. DEPTH TO WATER AND HAPS ED TIME AFTER DRllUNG COMPLETED 

" " 18. TOTAL DEPTH OF HOLE 19. OTHER WATfR lEVU MEASUREMENTS !SPECIFY) 
rn 

" 20 WEll lNSl"AllW? IF 50 COMPI.ETE CONSTRUCTION DIAGRAM SAMPLETYn 

" GRAB 

21. SAMPLE INTERVAL AND DtSIGNATION FOR LA8 ANALYSIS : rAMPlt l~HRVAL AND DESIG.NATION FOR FlflO SCREENING ANALYSIS- SCREENING ANALYSIS 
So,I samples collected at Oto 2 feet below grnde (UB-04 0-2) and 2 to 4 feet 

elow rade {UB-04 2-4' Every 2 feet {approximate) for VO Cs w,th a PIO VO(s 
22 DISPOSITION If NOT A Wfll, BACKFIU.ED Willi l3. GEOLOGIST 
OFl-fOLE Cuttings Katherine Chm!enser, 

ANALYTICAL DEPTH RECOVERY 
uses DEPTf• DtSCRIPTION Of MAHRiAlS DIRECT READING (di SAMPi.E DESIGN rm % REMARKS 

lOG {FT) voe Depth of 
[•) fb) ,,, !ppm) Read,n• [e) {fl ,,, 

"" D-2' 
UB-07 0-2 lone 8 o,. soil ja,) 

0-4' RedtlAY No wsc,ol evt'denc·e of stommg or 

'" J.-4 I 75% 
odor observed UB-04 2 .4 {one 8 oz. srnl jar) 

4-S' Slack loamy SANO, wet ).S ,_, 
S-8' Black lo<>my SAND, w~t 

'' 6-8' 

'" 
No vt>ua/ evidem:e a/ ,wimng or 

' odor observed 
8-10' Dark brown medium-fme SAND, satu,~ted 1.8 8-10' 

-Borehole term,na/ed ar 10/ee! below wade -
-
-
-

f -
-
-
-
-

I 
-

-

- ! --
-
-
-
-

-
- I 
-

-
-
-
- I 

---- I -
-
-
-

PROJf.CT HO![ NO 

CRISTAL USA FACILITY UB·04 



SOil SORiNG LOG 

IHOLE NUMBER 
UB-OS 

1. COMPANY NAME 2. DRIU SUBCONTI\ACTOR SHHl SHffTS 

URBAN GRHN ENVIRONMENT Al. I LC GSI M,d-Atlantsc, Inc 1 of 1 

3. PROJfCT 

CRISTAL USA FACILITY 

7. NAME OF DRILLER 8. MANUFACTURER'S DESIGNATION Of DRILL 

Don Marchese GEOPROBE 78220T , SIZES AND TYPES OF DRILLING AND SAMPLING EQUIPMENT 10 SURfA(f ELEVATION ANO CONDITIONS 

2 m., 5 ft. macroco,e 

TYPE OF LINER USED, if APPLICABLE Grass Southwestern port,on of the Upper B.sm 

KDP£ 
11. OIRffT READING PARAMETERS: 12. DATE ANO TlME STARTED 13. DATE AND TIME COMPLETED 

PIO /TOT Al voes f 11.7 EV/ MlNIRAl 3000 4/1/lS 10,30 4/1/15 10.50 

14. OVERBURDEN THl(KN!'SS 15. DEPTK GROUNDWAHR ENCOUNTERED 

~1s' " 16 DEPTH DRILL£D lNTO ROCK 17. DEPTH TO WATER AND [lAPSED TIME AFTER DRILLING COMPlETfO 

" " 18 TOTAL DfPlH OF HOLE 19. OTHER WATIR LEVEL MEASUREMENTS {SPEClfY) 

,S' " 20. WELL INSTALLED? f' SO COMPLETE CONSTRUCTION DIAGRAM SAMPlf. TYPE 

" """' 21. SAMPLE INTERVAl AND DESIGNATION WR lA8 AN Al YSIS ISAMPlE INTERVAt AND DESIGNATION f-OR FIELD SCRHNING ANAlVSIS SCRHNING ANAlYSIS 

SoH sample, collected at o 10 2 feet below gr~de (US-05 0-2) and 13 to 15 

feet below "fade {UB·OS 13-15) Eve')' 2 feet {approximate) fo, voe, w,th a PIO voe, 
22. D15POSIT!ON IF NOT A WfL\., BACKFllL[D WITH 23. GtolOGIST 

OF HOLE (umngs Kathenne Chm1ensen 

ANALYTICAL DEP1H RECOVERY 

uses DEPTH DESCRIPTION Of MATERIALS DIRECT READING {d) SAMPLE D(SIGN [n] % REMARKS 

WC [IT[ ,oc Depth of ,,, [o[ ,,, !ppm) Reading ,,, 
'" lg) 

0-0.5' 1anlmeSAND,wet rn G-2· 
--- - ---- UB 0~ 0-2 :one 8 02. sod Jar) 

I 
B 2-4' i 75% 

No wrno/ ev,den,e of stom/119 o, 

0.5-5' Red·brown U.A Y 
odor o!,,erved 

u 4-6' 

2.l 6-8' 

S-10' Red and wh,te ClAY 100% 
No visual evidence of <Wining or 

odor ob.served 

1.6 8·10' 

u JO 12· I 
10-15' Red and wh,le CLAY '' 12-14' 

CSOS LS .S [,,, s °' '"' ,.,1,cej 
JOO"!!-

No visual evidence of ,ro,n,n9 ar 

"dor observ~d 

u 14-15' cs 

Borehole rermrnoted at 15 /eer be/aw 91ad~ 
-
-
-
-

[ 

- I 
-
-

-
-
-
-
- I -

-
-
-
-
-
-

- i 
- I 
- I 
-
-
-

PROJECT HOlr NO. 

CRISTAL USA FACILITY UB-05 



HOLE NUMBER 
SOltBOR!NGlOG LB·02 
1. COMPANY NAMf 2. OR Ill SUBCONTRACTOR SKEET SKHTS 

URBAN GREEN ENVIRONMENT Al, ll.C GSI Mid·A!lantk, Inc l of 1 
3. PROJECT 

CRISTAL USA FACILITY 

7. NAMf Of DRILLER I!. MANUFACTURER'S OfSIGNATION OF DRlll 

" " fs: SIZtSAND TYPES Of ORIUING AND SAMPLING £QUIPMENT 10. SURFACf ELEVATION AND CONDITIONS 

" TYPE OF LINER usrn. lF APPUCABlt Grnss Cen!tal portion of the iow~r Ba,m 

" 11. DIRECT R(AO!NG PARAMEHRS 12 DATE ANO [IME STARTED 13 DATE ANO TIME COMPl[TfD 

" 4/9/15 11,32 4/9/lS lUS 
14. OVERBURDEN fHICKNESS 15. DEPTH GROUNDWATER rncouNTEREO >,. " 16. Df.PTH DRllll'D INW ROCK 17. DtPTH TO WATER ANO ELAPSED TIME AFTER DRILLING WMPLEHD 

" " 11!. TOTAL DEPTH Of HOLF 19. OTHER WATER lfVH MEASUREMENTS iSPl'CIFY) ,, 
" 20. WHLINSTAlLED' If SO COMPlfT[ CONSTRUCTION OiAG~AM SAMPLET'IPE 

,o GRAS 

21 SAMPLE tNHRVAL AND DESIGNATION FOR LAB ANALYSIS ISA.MPLt INTERVAi. AND DESIGNATION FOR rn:w scRHNING ANALvs1s SCREENING ANALYSI> 

So,! sample collected a1 0 to 2 feet below "fade {LB-02 0·2) 2 feet voe, 
n. DISPOSITION If NOT A Wfll, BACKFILLED WITH 23. Gt0l0G1ST 
OF HOLf Cuttmgs Katherine Christensen 

ANALYTICAl DEPTH RECOVERY 
USC', DEPTH Df.SCRirTION Of MAT€RIALS DIRECT READING (di SAMPLE DESIGN '"' % REMARKS 

IOC '"' "' Depth of ,,, lol le) !Ppm) Readm• l•I {I) ,,, 
-
- Lower Ba<m" too wer and iree covered to occe,;· w,!I, the Geoproh dn/1 

I 
I 

-ng Used a lmwel to collect o rnr/oce mil .<ample 
I - I 
I 

0-2' Dark b,own loamy SAND, wet I B·Ol lJ.2 {one So,. soil Jar) I 100')(, 
No "'"'al evidence of ,wmwg 01 

ado, <>bserv<'d 

-
-
-
-

-
I - I - I -

-
-
-
-
-
-

-
-
-
-
- I 
- I 
- I 
-
-
-
-
-

-
-
- I 

I 
PROJECT. HOL[ NO,· 

CRISTAL USA FACILITY LB-02 



HOLE NUMBER 

OIL BORING LOG LB--03 

1. COMPANY NAME 2. DRILi. SUBCONTRACTOR SHEET SHHlS 

URBAN GREEN fNVIRONMENTAt, LlC GSI Mid·Atlamic, Inc. ' ,, ' 3. PROJECT 

CRISTAL USA FACILITY 

7. NAME OF ORlllER 8. MANUFACTURER'S DESIGNATION OF DRIU 

" " 9. SIZES AND TYPES Ot DRILLING AND SAMPLING f'QUIPMfNT 10. SURF AU ELEVATION AND CONDITIONS 

" TYPE Of LINER USED, ff APPUCABL( Grass Eastern po,Uon of the Lower Basin 

" 11. OIRfCT READING PARAMETERS 12. DATt AND TIME STARTfD B. DAT[ AND TIME COMPLET£0 

" 4/9/1511:25 4/9/1S 11 30 

14. OVF.RBURDl;N THICKNESS 1S. DEPTH GROUNOWATlR HKOUNTER£D ,, 
" 16. DEPTH DRILLED INTO ROCK 17. DEPTH TO WAHR AND HAP SEO TIME AFTER ORllllNG COMPLETED 

" " 18. TOTAL DEPTH Of fiOL( 19. OTHER WATIR LEVH MEASUREMENT~ ISPEC!>Y) ,, 
" 20 WHllNSTALLtO' If SO COMPLETE CONSlRUCTION DIAGRAM SAMPLE TYPE 

,o '"" 21. SAMPll; INTERVAL ANO DESIGNATION FOR LAS ANALYSIS ISAMPlE INHRVAl ANO DESIGNATION FOR fl HD SCRHNING ANALYSIS SCREENING ANALYSIS 

Soil samole colle,:ted at Oto 2 feet below grade (LS-03 0-2i Every 2 feet VO(~ 

22. DISPOSITION IF NOT A WflL BACKFlltfD WITH 23. GEOLOGIST 

OF HOLE C,mm~s Kath<>rme Christensen 

ANAlYTICAl DEPTH RECOVERY 

LJSCS DEPTH DlcSCRIPTIONOf MAT£RIALS DIRECT READING {di SAMPlE DESIGN ,m % RfMARKS 

WO (H) soc Depth of 

l•I lo! ,,, (ppm) Rcadm 0 ,,, ,,, 
'" 

-
- lawe, Basin is too wer ond tree wver~d to access wah rhe Gtoptobe dn/1 

- "" Used a lrowe/ lo collect a <vrfa<e sol/ sompl~ 

-

0-2' Dar~ brown loamy SANO, we! 
U\-0:, 0-2 (one S oz. soil jar), 

MS(MSD-09 

Na vm,ai evidence af ,rammg or 
odor ab5erved 

-
-
-
-

-
-
-
-

-
-
-
-
- : 
- i 
-
-
-

- i 
' -
' -

-
-
-
- ! 
-
-
-
- I - I 

PROJ[CT HO\f NO 

CRISTAL USA FACILITY LS-03 



HOlE NUMBER 
OIL BORING LOG LB-04 

l. COMPANY NAME 2. 0Rlll Sl1BCONTRACT0R SHffT SflHTS 
URBAN GRHN ENVIRONMENT Al, ll( GSI M•d-Atlant,c, Inc. 1 of l 

3. PROJECT 

CRISTAL USA l'AClllTY 

7. NAME OF DRILLER 8. MANUFACTURER'S Dl:SIGflATION Of ORILl 

" "' 9. SIZES ANO TYPES N DRILLING ANO SAMPLING EQUIPMENT 10. 5URfAU ELEVATION AND CONOlflONS 

"' TYPE OF I.INER USED, IF APPLICABLE Grass Southweste,n portion of th~ lower Bas;n 

" 11. DIRECT READING PARAMfTE:R5 12 DAH AND TIME STARTED 13. OAH ANO Tl Mt COMPlHED 

" 4/9/lS 11:SS 4{9/15 12,00 
14 OVEIWURDEN THICKNESS 1~. DEPTH GROUNDWATER ENCOUNTERED 

, 2' 

" 16. DEPTH DR!llED INTO HOCK 17. DEPTH TO WATER ANO f.LAPSEO TIM!. AFTER DRllllNG COMPLETED 

" " 18. TOTAL DEPTH OF t-lOU 19. OTHER WATER I.EVl:L MEASUR!-:MENT:, I SPECIFY) 

' " 10. WELL INSTAllED' IF SO COM Pl HE CONSTRUCTION DIAGRAM SAMPltlYPE 

" '"'" 21. SAMPLE INTERVAL AND DISIGNATION fOR l.M ANALYSIS ISAMPU" l~HRVAL AND DESIGNATION l'OR FiElD SCREENING ANALYSIS 5CRHNING ANALYSI', 

So,I sample collected a! Oto 2 foet below Pf~de llB-(N 0-2) Every 2 feet voes 
22 DISPOSITION IF NOT A WHl. SA(KFltlED w1rn 23. GEOLOGIST 
OF t-lOLE CuHings Kathenne Clms1ensen 

ANALYTICAL I DEPTH RffOVERY 
uses DEPTH DESCl\!PTION Of MAHRIAlS D!RECT READING (d) SAMPlt DESIGN IFC, % REMARKS 

WO IITI ,o, Depth of ,,, 
'"' 

,,, (ppm) Read,ne ,,, {/) lgj 

-
- lower Basm" too wer and rrff covered to oaes< w,th th Geoprobe dr,// 

- "' Used o !rowel lo co/lee! o surfoce ,oil somr,le 

I -

o.;,' Red and ti,own C!AY t0·04 0-2 lone 8 o,. so,1 J"'I 
No v,sva/ evrdence of ;rwnmg or 

odo, observed 

-
-
-
-

-
-

I -
I -

I -
- I 
- I 

i 
- I -
-
-
-
-

- I -
-
-
-
-
-
-
-
-
-

I -
PROJECT HOLE NO 

CRISTAL USA FACILITY LB·04 



SOil DORING lOG 

!HOL£ NUMBfR 
LB--05 

1. COMPANY NAME 2. DRlll SUBCONTRACTOR SHH1 SHEETS 

URBAN GRHN ENVIRONMtNlAL, llC GSI Mid-Atlantic, Inc. ' ,, ' 
3. PROJECT 

CR!STAl USA FACIUTY 

7. NAME OF DRILLER 8. MANUFACTURER'S DESIGNATION OF DRILL 

" "' 
' SIZES ANO TYPES OF DRILLING AND SAMPLING EQUIPMENT 10. SURFACE Et.fVATION AND CONDITIONS 

" nn OF UNER USED, IF APPLICABLE Grass Southeastern por!io~ of the Lower Bas.n 

" 11. DIRECT RfADING PMAMETrns 12. DATE AND TIM£ STARTfD 13 DAHANDTIMfCOMPL£TlD 

" 4/9/15 lUS 4/S/15 J 1:20 

14. OVlRBURDfN TKICKNtSS 15. DEPTH GROUNDWATfR ENCOUNTERED 

,r " 16. DEPTH OR!LLED INTO ROCK 17. DEPTH TO WATER AND tlAPSED TIME AFTER DRILLING COMPLETED 

" " 18 TOTAL DEPTH OF HOLE 19. OTHER WAHR LEVEL MEASURfM[NTS (SPECIFY) ,, 
" 20. WELL!NSTALLED> IIF 50 COMPLHE CONSTRUCTION DIAGRAM SAMPl!:TYPE 

,a GRAB 

21. SAMPLE INHRVAL AND DESIGNATION FOR LAB ANALYSIS ISAMPlE INlfRVALAND DES!GNATION FOR FIELD SCREENING ANALYSIS SCREENING ANALYSIS 

So,I samllle collected at Oto 2 fe<'t t,elow grade (LB-OS (1..2\ , Every 2 feft voe, 

22. DISPOSITION IF NOT A Wfll. BACKFlllW WITH: 23. Gt0l0G1ST 

OfHOlf Cuttings Ka1herine Christensen 

ANAl\'TICAl I DfPTH RECOVl'RY 

uses DEPTH DESCRIPTION OF MATERIALS DIRECT READING (d) SAMPLE DESIGN ,~, % Rf MARKS 

' WG ,m "' Depth of I ,,, ISi '" (ppm) Readm1' ,,, ,,, ,,, 
-
- /awe, Basin ,s too wet and tree covered ro access with the Goaprobe dn/1 

- "' Used a !rowel to co!lect o surface so,! sample 

-

"'' Dark brown loamy SAND, moist l8-0S (1..2 (one 8 o,. soil Jar), DUP-18 1 
Na visual evirfrnce of ;tom mg"' 

odat ob,~rved 

-
-
-
-
-
-

I - I - ! 

I - I 

-
-

-
-
-
-
-
-

-
-
-
-
- I -
-
-
-

-
-
-

PROJECT 1-!0lf NO 

CRISTAL USA FACILITY LS-05 



14 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 1 
and Technology, Inc. Drillinn Method: Boring No. 

EA Engineering, Science. rack-mounted Hollow Stem Auoer Rig LF-01 and Technology, Inc 
LOG OF SOIL/ROCK BORING Samolina Method: 

Coordinates: 1440819.169, 560033.1515 Standard Split Spoon Sampler Sheet 1 of 1 
Surface Elevation: 42' MSL Drillina 
Casing Below Surface: NIA vvater Level N/A Start Finish 
Reference Elevation: Time . 
Reference Desc: MD State Plane System (US Survey Feet) Date N/A 1040 1130 

Reference NIA 
Sample Inches Sample No. PIO Blows Depth uses Surface Conditions: arass 

Type Drvn/ln. ppm per in Log 
Recvrd 6 in. Feet 

11--
0-2 ft aunered Clav cover 

NIA 1--

1--
21--

0.0 4 SM 17 inches - sandv SILT, moist, fine to medium arained, 10 YR 2/2 

Grab 21 LF-01 2-4 4 31-- ML 4 inches - clavev SILT, wood, 10 YR 3/4 
0.0 3 

1--
LF-01 2-4 samnled at 1050 

4 41--

2 
1--

OL Clavev SILT, aowderv, oraanics, 2.5 YR 311 0.0 
51--

24 2 
0.0 3 

1--

4 61--
1--

0.0 3 ,I, 
1--

7 inches - SILT, white, oowderv, wet, 2.5 Y 8/3 24 4 7 1-- ML 
0.0 9 

92 81--

00 2 
1--

saturated 1--

12 2 9...._ 
0.0 2 

1--
2 10 

00 2 
1--

" 
2 11 

1--
ML 9 inches - SILT trace of fine nrained sand. white, powderv 24 

0.0 5 
1--

SM 5 inches - SILT trace of fine arained sand, powdery, 10 YR 7/1 1--
4 12 1--

0.0 2 
1-- ML 18 inches - SILT. oowderv, saturated, 10 YR 5/4 

24 3 13 - ML 6 inches - SILT oawderv, saturated, 2.5 Y 812 
0.0 4 -5 14 -

Clavev SILT, oowderv, oraanics, moist, 2.5 YR 3/1 0.0 1 - OL 

24 15 -0.0 1 
16 

1--

0.0 1 
1--

OL 10 inches - SILT, nowderv, moist, GLEY 2 4156 .__ 
24 2 17 

1--
ML 8 inches - SILT, white 7.5 Y 8/2, saturated 

0.0 2 
1--

2 18 
0.0 1 

1--
OL 6 inches - clavev SILT, oowderv, oroarncs, 2.5 YR 3/1 1--

Grab 24 LF-01 18-20 1 19 
1--

ML 6 inches - SILT, white, saturated, oowderv 
0.0 1 OL 10 inches clavev SILT, nowderv, ornanics, 2.5 YR 3/1 1--

1 20 
1--

FINAL DEPTH LF-01 18-20 samaled at 1135 

1--

Logged by: Caron Mierczak Date: 04/09/2015 

Drilling Contractor: Findlin Driller: Chad Chism 



I 6 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 1 

and Technology, Inc. Drillina Method: Boring No. 
EA Engineering. Science. Track-mounted Hollow Stem Auoer Rio LF-02 
and Technology, Im:: 

LOG OF SOIUROCK BORING Samnlinn Method 
Coordinates: 1441206.317, 560067.5158 Standard Split Spoon Sampler Sheet 1 of 2 

Surface Elevation: 64' MSL uril!lno 
Casing Below Surface: NIA .,\later Level N/A Start Finish 

Reference Elevation: Time . 1225 1320 

Reference Desc: MD State Plane System (US Survei Feet) Date NIA 
Reference N/A 

Sample Inches Sample No. PIO Blows Depth uses Surface Conditions: arass 
Type Drvn/ln. ppm per in Log 

Recvrd 6 in. Feet 

~ 
0-2 at.i"ri"ered C!av cover 

N/A 1,..._ 

1--
2_ 

0.0 23 SW Brick/concrete debris with well-araded SANDS -
Grab 12 LF-02 2-4 

18 3 -
0.0 15 LF-02 2-4 samoled at 1245 -23 4_ 
0.0 21 SM SILT with SAND, arev 10YR 7/1 to white 2.5 Y 8/1 

5-
16 

22 -
0.0 23 -

22 6_ 
0.0 17 1--

SW Brick/concrete debris with well-oraded SANDS 7.5 YR 7/1 

12 
15 7 1-- 2 inches of aravel at 4 inches, last 2 inches white fines 

0.0 12 
1--

22 8 
1--

0.0 4 1-- SM Concrete debris, SAND with SILT 7.5 YR 7/1 

14 
9 9 1--

0.0 19 -22 10 -
0.0 8 -

16 
12 11 -0.0 21 -
23 12 -0.0 11 

~ 

14 
9 13 -

0.0 8 I--
8 14 

I--
0.0 5 ,..._ OL Clavev SILT 2.5 YR 4/6, oroanics, oowderv 

18 
2 15 

~ 

0.0 3 
1--

4 16 -0.0 5 -LF-02 16-18 2 17 
,,, 

Grab 20 -
ML 5 inches SILT trace sand, 1 O YR 3/7, mottled black DUP-LF-02 0.0 9 

9 18 
- LF-02 16-18 samoled at 1420/DUP-LF-02 -0.0 12 SM Siltv SAND, nrevish white with aravel -

1 
14 19 -

0.0 6 -
5 20 -

1 
0.0 4 - OL Clavev SILT 2.5 YR 4/6, oraanics, oowderv 

2 21 CONTINUED 

Logged by: Caron Mierczak Date: 04/09/2015 

Drilling Contractor: Findlin Driller: Chad Chism 



I A EA Engineering, Science, 
and Technology, Inc. 

EA Engineering. Sc,ence. 
and Technology, loc 

LOG OF SOIUROCK BORING 
Coordinates: 1441206.317, 560067.5158 

Surface Elevation: 64' MSL 

Casing Below Surface: NIA 
Reference Elevation: 
Reference Desc: MD State Plane System (US Survey Feet) 

Sample Inches Sample No. PIO Blows Depth 
Type Drvn/ln. ppm per in 

Recvrd 6 in. Feet 
0.0 2 ,__ 

2 22 ,__ 
,__ --,__ 
,__ 
1----1--

1--

f---,__ 
,__ 
,__ --,__ 
,__ 
,__ --,__ 
,__ 
,__ ---,__ 
,__ 
,__ -----,__ -

Logged by: Caron Mierczak 

Drilling Contractor: Findlin 

uses 
Log 

Job. No. Client: 
1506106 MPA 

Drillina Method: 
Track-mounted Hollow Stem Auner Rin 

Samolina Method: 
Standard Split Spoon Sampler 

L111ater Level N/A 
Time -
Date N/A 
Reference N/A 
Surface Conditions: 

FINAL DEPTH 

Date 

Driller: 

·-nrass 

04/09/2015 

Chad Chism 

Location: 
Landfill Area 1 

Boring No. 
LF-02 

Sheet 2 of 2 
Drillina 

Start Finish 

1225 1320 



16 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 2 

and Technology, Inc. Drillinn Method: Boring No. 
EA Eng1naenng. Sc,ence. rack-mounted Hollow Stem Auger Rig LF-03 
and Technology, Inc 

LOG OF SOIL/ROCK BORING Samolino Method: 
Coordinates: 1440847.763, 559703.1733 Standard Split Spoon Sampler Sheet 1 of 1 

Surface Elevation: 35.25' MSL Drillina 

Casing Below Surface: NIA ,111 ater Level N/A Start Finish 

Reference Elevation: ime -
Reference Desc: MD State Plane sxstem (US Survey Feet) Date NIA 0730 0810 

Reference N/A 
Sample Inches Sample No. PIO B!ows Depth uses Surface Conditions: :irass 

Type Drvn/ln. ppm per in Log 
Recvrd 6 in. Feet 

0.0 1 SM 6 inches - sandv SILT, fine to medium orained, 7.5 YR 3/3 -
20 4 1 - SP 4 inches - SAND trace silt medium orained, poorlv nraded, 5 YR 5/8 

0.0 3 -
3 2 -0.0 5 ML clavev SILT, white mottled red, stiff, comoact -

Grab 16 LF-03 2-4 
8 3_ LF-03 2-4 sampled at 07 45 

0.0 10 -
10 4_ 

00 3 -
17 

5 5_ 
0.0 7 -8 6_ 
0.0 8 

~ 
mottled with a rev from 10-15 inches 

18 
10 7 

~ 

0.0 14 '--
16 8 '--

0.0 4 
'--

red mottled white 2.5 YR 4/6 

14 
4 9~ 

00 5 -
7 10 SP 2 inches - medium nrained SAND, ooorlv araded 10 YR 4/4 -0.0 2 ML 8 inches - clavev SILT, red mottled with white, stiff, compact -

18 
3 11 - SP 8 inches - medium arained SAND, poorly oraded, 10 YR 4/4 

0.0 4 ML 2 inches -clavev SILT, trace fine arained sand, 7.5 YR 4/3 -
6 12 -

00 7 1--

14 
9 13 

1--
0.0 10 

1--
ML 6 inches - clavev SILT, white mottle red, moist 

Grab 
LF-03 13-15 10 14 

~ 

12 
DUP-LF-01 0.0 8 I 

~ 

6 15 '-- ML 5 inches - SILT, white with tan 7.5 YR 5/4 mottlina. Powderv 

'--
FINAL DEPTH LF-03 13-15 sampled at 0820/DUP-LF-01 

-
-
-
-
-
---
-
-

Logged by: Caron Mierczak Date: 04/09/2015 

Drilling Contractor: Findlin Driller: Chad Chism 



I 6 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA landfill Area 2 

and Technology, Inc. Drillinii Method: Boring No. 
EA En9in1111ring, Sciance. rack-mounted Hollow Stem Auger Rig LF-04 and Technology, Inc. 

LOG OF SOIL/ROCK BORING Samnlinn Method: 
Coordinates: 1440926.775, 559549.8432 Standard Split Spoon Sampler Sheet 1 of 1 
Surface Elevation: 36' MSL Drillina 
Casing Below Surface: N/A Water Level NIA Start Finish 
Reference Elevation: Time -
Reference Oesc: MD State Plane S~stem (US Survey Feet) Date N/A 0900 0940 

Reference NIA 
Sample Inches Sample No. PID Blows Depth uses Surface Conditions: nrass 

Type Drvn/ln. ppm per in Log 
Recvrd 6 in. Feet 

0.0 1 '-- SM 4 inches- sandvSILT, fine to medium arained, 7.5 YR 3/3 

Grab 20 LF-04 0-2 1 1 '-- SM 4 inches - sandv SILT, moist, fine to medium nrained, 5 YR 5/8 
0.0 2 

'-- CL 12 inches - si!tv CLAY, mottled white/red, stiff, comnact 
5 2~ LF-04 0-2 samnled at 0905 

0.0 5 
~ 

SP 12 inches - siltv SAND fine to medium orained, ooorlv oraded, 7.5 YR 6/6 

18 5 3 '-- ML 6 inches - SILT trace of fine arained sand, 7.5 YR 3/2 
0.0 10 '--

12 4 '--
0.0 11 

~ 
ML SILT, white, com act, mottled with red 

19 11 5_ 
0.0 12 -13 6_ 
0.0 5 ,I, -

17 5 7~ ML 6 inches - SILT, trace medium arained sand, white, comnact mottled 
0.0 9 with red 

~ 

9 8'--
0.0 4 '-- ML SILT, comnact, nowderv, white, mottled with red and tan 

19 4 9.._ 
0.0 6 

~ 

9 10 
~ 

0.0 4 - SM Sandi/ SILT, fine to medium arained, white, mottled with red 

22 7 11 -0.0 8 ,__ 
8 12 

~ 

0.0 9 
~ 

ML C!avev SILT, 6 inches red with white mottle, 6 inches white with red mottle 

12 8 13 '--
0.0 8 '--

9 14 ,__ 
0.0 9 

~ 

Grab 18 LF-04 14-16 
11 15 

~ 

0.0 11 
~ 

12 16 ,__ FINAL DEPTH LF-04 14-16 samoled at 0945 
,__ 
,__ 
~ 

~ ,__ 
,__ 
,__ 
,__ 
~ 

Logged by: Caron Mierczak Date: 04/09/2015 

Drilling Contractor: Findlin Driller: Chad Chism 



16 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 3 

and Technology, Inc. Drillinn Method: Boring No. 
EA Engineering, Science, Track•mounted Hollow Stem Auger Rig LF-05 
and Technology, Inc 

LOG OF SOIL/ROCK BORING Samnlina Method: 
Coordinates: 1441047.256, 559937.1929 Standard Split Spoon Sampler Sheet 1 of 3 

Surface Elevation: 67.75' MSL uri!lina 

Casing Below Surface: N/A Water Level N/A Start Finish 

Reference Elevation: Time -
Reference Oesc: MD State Plane Sz:stem (US Survey Feet/ Date N/A 1105 1320 

Reference NIA 
Sample Inches Sample No. PIO Blows Depth uses Surface Conditions: ~rass 

Type Drvniln. ppm per in Log 
Recvrd 6 in. Feet 

0.0 2 I-
SM 5 inches- sandv SILT, fine arained, 10 YR 3/2 

Grab 8 LF-05 0-2 3 11- CL 3 inches - siltv CLAY, red, 10 R 418, mottled with white, low nlasticitv 
0.0 2 

2'-3 LF-05 0-2 samoled at 1115 
~ 

-3_ 2-28 ft bns aunered 

-4_ 

-
5 -
-6_ 
.._ 

7.._ 
.._ 

8 I--
.._ 

9.._ 
.._ 

10 .._ 
I--

11 --12 -
-

13 --14 -
-

15 -
I-

16 I-

17 
I-
~ 

~ 

18 
~ 

I--
19 
~ 

-20 -
-

21 CONTINUED 

Logged by: Caron Mierczak Date: 04/13/2015 

Drilling Contractor: Findlin Driller: Chad Chism 



I 6 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 3 

and Technology, Inc. Orillina Method: Boring No. 
EA Engineering. Sctem::e. Track-mounted Hollow Stem Auger Ria LF-05 and Technology, Inc. 

LOG OF SOIUROCK BORING Samolina Method: 
Coordinates: 1441047.256, 559937.1929 Standard Split Spoon Sampler Sheet 2 of 3 
Surface Elevation: 67.75' MSL nrrninn 
Casing Below Surface: N/A Water Leve! N/A Start Finish 
Reference Elevation: Tlme -
Reference Desc: MD State Plane Ststem (US Survey Feet! Date N/A 1105 1320 

Reference NIA 
Sample Inches Sample No. PIO Blows Depth uses Surface Conditions: nrass 

Type Drvn/ln. ppm per in Log 
Recvrd 6 in. Feet 

-22 -
23 -I--

24 
I--

I---25 -
26 

I--

I--

27 
I---

28 - ~ 

3 
~ 

ML 7 inches- clavev SILT, stiff, comnact, white 7.5 YR 8/1 a.a 
~ 

20 7 29 SP 6 inches - SAND, coarse, noorlv nraded, saturated, 7.5 YR 6/3 
0.6 9 

~ 
SM 7 inches - siltv SANO, fine to medium nrained, moist, 2.5 YR 6/4 

~ 

9 30 
0.3 5 -

~ 
ML 18 inches- clayey SILT, mottled, with 5 inches /from 17-22 inches\ SILT 

24 
10 31 - trace fine arained sand, 7.5 YR 8/1 

0.3 10 -13 32 -11 CL silty CLAY, stiff, comnact, mottled white/red a.a -10 33 20 ~ 
0.3 17 

15 34 
~ 

a.a 3 
~ 

ML 15 inches - SILT, white, comnact 
~ 

24 4 35 - OL 9 inches - clavev SILT, 2.5 YR 3/1, nowderv, ornanics 
a.a 4 --5 36 -a.a 3 -

3 37 23 a.a 3 -~ 
3 38 

a.a 2 -
~ 

24 1 39 
~ a.a 2 

1 40 
~ 

~ a.a 2 
~ 

24 
3 41 

a.a 4 - with white SILT throuahout 
42 

I--
CONTINUED 4 

Logged by Caron Mierczak Date: 04/13/2015 

Drilling Contractor: Findlin Driller: Chad Chism 



I 6 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 3 

and Technology, Inc. Drillina Method: Boring No. 
EA Engineering, Science. rack-mounted Hollow Stem Auger Rig LF-05 
and Technology, Inc. 

LOG OF SOIUROCK BORING Samolino Method: 
Coordinates: 1441047.256. 559937.1929 Standard Split Spoon Sampler Sheet 3 of 3 

Surface Elevation: 67.75' MSL Drillina 

Casing Below Surface: NIA Water Level N/A Start Finish 

Reference Elevation: Time . 
Reference Oesc: MD State Plane System (US Surve~ Feet) Date N/A 1105 1320 

Reference NIA 

Sample Inches Sample No. PID Blows Depth uses Surface Conditions: Jrass 

Type Drvn/ln. ppm per in Log 
Recvrd 6 in. Feet 

0.0 3 ,-. with white SILT throuahout 

3 43 
Grab 24 LF-05 42-44 

0.0 3 
e-

4 44 
e- LF-05 42-44 samoles at 1245 

00 4 
f--
'--

24 
3 45 '--

0.0 3 -
4 46 -0.0 3 -4 47 

24 -0.0 4 -
4 48 FINAL DEPTH -

-
--
-
1--
1--

--
-
-
-
--.__ 
1--
1--
f--
'--
'--
e-
e-
f--
'--
'--
e-
-
-
-
-

Logged by: Caron Mierczak Date: 04/13/2015 

Drilling Contractor: Findlin Driller: Chad Chism 



11511 EA Engineering, Science, 
and Technology, Inc. 

EA Engineering, Science. 
and Technology, Inc. 

LOG OF SOIL/ROCK BORING 
Coordinates: 1441323.992, 559880.297 

Surface Elevation: 68.75' MSL 

Casing Below Surface: NIA 
Reference Elevation: 
Reference Desc: MD State Plane S}:'.slem (US Survey Feet) 

Sample Inches Sample No. PIO Blows Depth 
Type Drvn/ln. ppm per in 

Recvrd 6 in. Feet 
0.0 2 

>--

Grab 16 LF-06 0-2 3 1 
>--

0.0 2 
3 2= 

3>--
>--
>--

4 -
~ 

5 >--

6 >---
>--

7 >--

8>--
>--
>--

9 
>--

10 
>--
>--

11 
,--
>--

>--
12 >--

13 
>--
>--
>--

14 
>--

15 
I--

I--

16 
>--
>--
>--

17 
>--

18 
I--

>--

19 
>--
,--
>--

20 
>--

21 
I--

Logged by: Caron Mierczak 

Drilling Contractor: Findlin 

uses 
Log 

SM 
CL 
SM 

Job. No. Client: Location· 
1506106 MPA Landfill Area 3 

Drillina Method: Boring No. 
Track-mounted Hollow Stem Auner Rin LF-06 

Samplina Method: 
Standard Split Spoon Sampler Sheet 1 of 3 

Orillion 
11Vater Level N/A Start 
Time -
Date N/A 0730 
Reference N/A 
Surface Conditions: nrass 

7 inches - sandv SILT, fine nrained, 10 YR 3/2 
7 inches - siltv CLAY trace fine nrained sand, white/red mottle 
2 inches- sandv SILT. fine nrained, 10 YR 3/2 

2-28 ft bas auaered 

CONTINUED 

Date 

Driller: 

LF-06 0-2 samnled at 0750 

04/13/2015 

Chad Chism 

Finish 

1045 



I ,"i Job. No. Client: Location: 
EA Engineering, Science, 1506106 MPA Landfill Area 3 

and Technology, Inc. Drillina Method: Boring No. 
EA Engineering. Science_ rack-mounted Hollow Stem Auaer Rig LF-06 
and Technology, Inc. 

LOG OF SOIUROCK BORING Samnlinn Method 
Coordinates: 1441323 992, 559880.297 Standard Split Spoon Sampler Sheet 2 of 3 

Surface Elevation: 68.75' MSL Drillino 

Casing Below Surface: NIA Water Level N/A Start Finish 
Reference Elevation: Time -
Reference Desc: MD State Plane System (US Survey Feet) Date N/A 0750 1045 

Reference NIA 
Sample Inches Sample No. PID Blows Depth uses Surface Conditions: arass 

Type Drvn/ln. ppm per in Log 
Recvrd 6 in. Feet 

~ 

22 
'-
'-

23 -
-24 -
-25 --26 -
-27 -
'-28 
'-1.6 5 
~ 

SM 19 inches - sandV SILT, fine to medium arained, mottled white/red/tan, 

21 
7 29 

~ 
comnact 

0.6 7 OL 2 inches - clavev SILT, 2.5 YR 3/1, oowderv, oraanics -7 30 -0.0 1 -
24 

2 31 -
0.0 2 -1 32 -0.0 1 -

24 
1 33 .__ 

0.0 2 
'-

2 34 
~ 

0.0 1 '-
24 

1 35 
'-0.0 1 
'-2 36 
'-

0.0 1 
~ 

24 
1 37 - moist 

0.0 2 -1 38 -
0.0 2 -

24 
1 39 -0.0 1 -
2 40 -

00 1 -
24 

1 41 -0.0 1 -1 42 CONTINUED 

Logged by: Caron Mierczak Date: 04/13/2015 

Drilling Contractor: Find!in Driller: Chad Chism 



-· Job. No. Client: Location: 
EA Engineering, Science, 1506106 MPA Landfi!J Area 3 :a and Technology, Inc. Drillina Method: Boring No. 

EA Engineering. Sc,enee, rack¥mounted Hollow Stem Auoer Rio LF¥06 
and Technology, Inc 

LOG OF SOIL/ROCK BORING Samolina Method: 
Coard inates: 1441323.992, 559880.297 Standard Split Spoon Sampler Sheet 3 of 3 
Surface Elevation: 68.75' MSL Drillina 
Casing Below Surface: N/A Water Level NIA Start Finish 
Reference Elevation: Time -
Reference Desc: MD State Plane System (US Survex Feet) Date NIA 0730 1045 

Reference NIA 
Sample Inches Sample No. PIO Blows Depth uses Surface Conditions: orass 

Type Drvnlln. ppm per in Log 
Recvrd 6 in. Feet 

0.0 1 -1 43 24 
0.0 1 -,__ 

1 44 
I--

0.0 2 
1 45 

I--

24 -0.0 2 
2 46 -,__ 

0.0 4 
3 47 

I--

Grab 24 LF-06 46-48 
0.0 4 

I---4 48 - FINAL DEPTH LF-06 46-48 samnled at 0925 

-
-
--
-
-
-
-
-
-
--
----I--

I--

I----,__ 
I--

I--

I---,__ 
,__ 
I--

Logged by: Caron Mierczak Date: 0411312015 

Drilling Contractor: Findlin Driller: Chad Chism 



I ~® 

Job. No. Client: Location: 
EA Engineering, Science, 1506106 MPA Landfill Area 3 ·a and Technology, Inc. Drillinn Method: Boring No. 

EA Engineering, Sc,ence. Track-mounted Hollow Stem Auger Rig LF·07 
and Technology, Inc. 

LOG OF SOIL/ROCK BORING Samnlino Method 
Coordinates: 1441139.824, 559638.6233 Standard Split Spoon Sampler Sheet 1 of 4 

Surface Elevation: 88' MSL Drillino 

Casing Below Surface: NIA 1/\1ater Level NIA Start Finish 

Reference Elevation: Time -
Reference Desc: MD State Plane System {US Survex Feet) Date NIA 1130 0800 

Reference NIA 

Sample Inches Sample No. PIO Blows Depth uses Surface Conditions: qrass 
Type Drvnlln. ppm per in Log 

Recvrd 6 in. Feet 
0.0 1 SM 8 inches - sandv SILT, fine arained, trace clav, 7.5 YR 413 -

Grab 16 LF-07 0-2 
4 1_ CL 8 inches - siltv CLAY, trace sand fine qrained, mottled ourole/white/tan/ 

0.0 3 oink, stiff comOact -
3 2_ LF-07 0-2 samoled at 1145 

2-49 ft bns aunered -3_ 

-
4_ 

-5_ 

-
6_ 

~ 

7~ 
,._ 

8.._ 
.._ 

9.._ 

~ 

10 ,._ 
.._ 

11 ,._ 
~ 

12 
~ 

-13 -
-

14 --15 -
-

16 --17 -
-

18 -
-19 -
~ 

20 
~ 

-21 CONTINUED 

Logged by: Caron Mierczak Date: 417/15-418115 

Drilling Contractor: Findl!n Driller: Chad Chism 



I -· rr1 EA Engineering, Science, 
and Technology, Inc. 

EA Enginaering. Science. 
and Technology. Inc. 

LOG OF SOIL/ROCK BORING 
Coordinates: 1441139.824, 559638.6233 

Surface Elevation: 88' MSL 

Casing Below Surface: NIA 
Reference Elevation: 
Reference Desc: MD State Plane sz:stem {US Survey Feet) 

Sample Inches Sample No. PID Blows Depth 
Type Drvn/ln. ppm per in 

Recvrd 6 in. Feet 

..._ 
22 ..._ 

23 
..._ --24 ..._ 

25 
..._ 
..._ -26 -

27 
..._ 
..._ 
-

28 -
-

29 -
-30 -
-

31 -
-32 -
-

33 -
-34 -

35 
..._ 
..._ 

36 
..._ --37 ..._ 

38 
..._ 
..._ -39 -

40 -..._ 

41 
..._ 
..._ -42 

Logged by: Caron Mierczak 

Drilling Contractor: Findlin 

uses 
Log 

Job. No. Client: 
1506106 MPA 

Drillino Method: 
Track-mounted Hollow Stem Auger Rin 

Samolina Method: 
Standard Split Spoon Sampler 

Water Level N/A 
Time -
Date N/A 
Reference NIA 
Surface Conditions: 

CONTINUED 

Date 

Driller: 

llrass 

4/7/15-4/8/15 

Chad Chism 

Location: 
Landfill Area 3 

Boring No. 
LF-07 

Sheet 2 of 4 
Orillina 

Start Finish 

1130 0800 



,-· Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 3 ,.., 
and Technology, Inc. Drillinn Method: Boring No. 

EA Engineering, Seiance, rack-mounted Hollow Stem AuQer Rig LF-07 
and Technology, tne. 

LOG OF SOIUROCK BORING Samolino Method: 
Coordinates: 1441139.824, 559638.6233 Standard Split Spoon Sampler Sheet 3 of 4 

Surface Elevation: 88' MSL Drillino 

Casing Below Surface: NIA Water Level NIA Start Finish 

Reference Elevation: Time -
Reference Desc: MD State Plane System (US Surve~ Feet) Date N/A 1130 0800 

Reference NIA 

Sample Inches Sample No PID Blows Depth uses Surface Conditions: qrass 

Type Drvn/ln. ppm per in Log 
Recvrd 6 in. Feet 

-
43 --44 -

-
45 -

-46 -
-47 -
-

48 --49 -0.0 9 CL siltv CLAY, comnact, stiff, mottled white/oink -
24 

13 50 -
0.0 15 -

15 51 -0.0 9 SP 10 inches - SAND fine to medium orained, ooorlv araded, 5 YR 5/2 -
24 

8 52 
~ 

black wood 
0.0 9 1-- ML 14 inches - c!avev SILT trace medium orained sand. comnact, 2.5 YR 5/4 

11 53 ..._ last 7 inches mottled with white 
1.0 13 ..._ 

17 
14 54 

~ 

1.3 22 
~ 

26 55 ..._ ,,, 
2.2 7 ..._ SP 22 inches - SAND fine to medium qrained. poorly nraded, 5 YR 5/2 

24 
11 56 ..._ with black mottlina last 1 O inches 

1.8 12 
~ 

SP 2 inches - SAND fine to medium arained, ooorlv araded, 7.5 YR 6/3 
12 57 I 

~ 

0.3 13 -- ,I, 

24 
16 58 - ML 6 inches - clavev SILT trace fine orained sand, rock, 2.5 YR 4/8 

0.6 15 ML 6 inches - clavev SILT, mottled white/red -
15 59 -

0.6 9 SM 18 inches - siltv SAND, fine to medium arained, ooorlv oraded, 5 YR 5/8 -
24 

17 60 - CL 6 inches - siftv CLAY, mottled white/red, stiff, comoact 
0.3 17 -

19 61 -
0.2 17 ML 14 inches- SILT, white, trace fine arained sand -

18 
18 62 - ML 4 inches - SILT, white mottled with orev, GLEY 1 7/N 

0.0 18 
20 63 - CONTINUED 

Logged by: Caron Mierczak Date: 4/7/15-4/8/15 

Drilling Contractor: Findlin Driller: Chad Chism 



E6 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 3 

and ·Technology, Inc. Drillina Method: Boring No. 
EA Engin1111ring. Science, rack-mounted Hollow Stem Auger Rig LF-07 and Technology, Inc 

LOG OF SOIUROCK BORING Samnlina Method: 
Coordinates: 1441139.824, 559638.6233 Standard Split Spoon Sampler Sheet 4 of 4 
Surface Elevation: 88' MSL Dnllinn 
Casing Below Surface: NIA \/\J ater Level N/A Start Finlsh 
Reference Elevation: Time -
Reference Desc: MD State Plane Sz::stem (US Survey Feet) Date N/A 1130 0800 

Reference NIA 
Sample Inches Sample No. PID Blows Depth uses Surface Conditions: orass 

Type Drvn/ln. ppm per in Log 
Recvrd 6 in. Feet 

0.0 8 - ML 19 inches-SILT, trace fine sand, white mottled with arev 

24 17 64 - CL 5 inches - siltv CLAY, mottled red and white, comoact, stiff 
0.0 17 -24 65 -

6 inches - clavev SILT trace fine a rained sand, 10 R 5/6 0.0 14 - ML 

Grab 24 LF-07 65-67 28 66 - CL 4 inches - siltv CLAY, comoact, stiff, mottled white/red 
0.0 23 - ML 14 inches - clavev SILT, comoact, white with mottlina, 10 R 8/1 

24 67 -,__ FINAL DEPTH LF-07 65-67 samcled at 0810 
,__ 
1--
1--
1--,__ 
,__ 
~ 

~ 

~ ,__ 
,__ 
~ 

~ 

~ ,__ 
,__ 
-
-
-
-
-
-
-
-
-
--,__ 
1--
1--
1--,__ 

Logged by: Caron Mierczak Date: 4/7 /15-4/8/15 

Drilling Contractor: Findlin Driller: Chad Chism 



16 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 4 

and Technology, Inc. Drillinq Method: Boring No. 
EA Engineering. Science. rack-mounted Hollow Stem Auaer Ria LF-08 
and Technology. Inc 

LOG OF SOIUROCK BORING Samolina Method: 
Coordinates: 1441341.379, 559564.1468 Standard Split Spoon Sampler Sheet 1 of 4 
Surface Elevation: 128' MSL Drillina 

Casing Below Surface: N/A Water Level N/A Start Finish 
Reference Elevation: ime -
Reference Desc: MD State Plane System (US Survey Feet) Date NIA 0905 1320 

Reference N/A 
Sample Inches Sample No. PIO Blows Depth uses Surface Conditions: clav 

Type Drvn/ln. ppm per in Log 
Recvrd 6 in. Feet 

0.0 8 ML 12 inches- clavev SILT trace fine arained sand, comoact, 5 YR 5/6 with -
Grab 22 LF-08 0-2 

11 1 - white mottle 
0.0 7 CL 10 inches - SAND, medium to coarse arained, comoact, ooorlv oraded 

7 2- 5 YR 618 -
3 - LF-08 0-2 sampled at 0930 

- 2-45 ft bas auaered 
4>--

f--

5,---
6--
7-

-
8= 

9-
-
-

10 -
11 --
12 -c-

13 --
14 

f--

f--

15 ---
16 --17 -

-
18 -

-19 -
20 -- V 

21 - CONTINUED 

Logged by: Caron Mierczak Date: 04/06/2015 

Drilling Contractor: Findlin Driller: Chad Chism 



16 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 4 

and Technology, Inc. Drillino Method: Boring No. 
£A Engineering. Scrnnce, rack-mounted Hollow Stem Auger Ria LF-08 
and Techn!llogv. lnc 

LOG OF SOIL/ROCK BORING Samolino Method: 
Coordinates: 1441341.379, 559564.1488 Standard Sp!it Spoon Sampler Sheet 2 of 4 
Surface Elevation: 128' MSL Drillino 
Casing Below Surface: NIA Water Level N/A Start Finish 
Reference Elevation: Time -
Reference Oesc: MD State Plane sxstem {US Surve}". Feet) Date NIA 0905 1320 

Reference N/A 
Sample Inches Sample No. PIO Blows Depth uses Surface Conditions: clav 

Type Drvn/ln. ppm per in Log 
Recvrd 6 in. Feet 

-22 -
-

23 -
-24 -
-

25 -
-

26 -
-27 -
-

28 -
-29 -
-

30 -
-

31 -
-

32 -
-33 --34 -
-35 --36 -
-37 -
-

38 -
-39 -
-40 --41 -
-42 CONTINUED 

Logged by: Caron Mierczak 04/06/2015 

Drilling Contractor: Findlin Driller Chad Chism 



16 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 4 

and Technology, Inc. Drillinn Method: Boring No. 
EA Engineering. Science, Track-mounted Hollow Stem Auoer Ria LF-08 
and Technology, Inc. 

LOG OF SOIL/ROCK BORING Samolino Method 
Coordinates: 1441341.379, 559564.1488 Standard Split Spoon Sampler Sheet 3 of 4 

Surface Elevation: 128' MSL Drillino 

Casing Below Surface: N/A Water Level NIA Start Finish 
Reference Elevation: Time -
Reference Desc: MD State Plane System (US Survey Feet) Date NIA 0905 1320 

Reference NIA 

Sample Inches Sample No. PID Blows Depth uses Surface Conditions: clav 

Type Drvnlln. ppm per in Log 
Recvrd 6 in. Feet 

43 
,__ 
.._ 

44 
.._ --45 .._ 

0.0 4 .._ ML clavev SILT, comr act, white 10 R 811 with red mottlina 

15 
6 46 -

0.0 6 -
9 47 -00 10 -

18 
12 48 - last 4 inches trace fine arained sand 

0.0 11 -
11 49 -

1.5 5 -
24 

6 50 - SM 10 inches - sandv SILT, tracv clav, fine orained. 7.5 YR 311 
0.3 8 SM 2 inches - sandv SILT, fine arained, 7.5 YR 516 -

10 51 I 
0.2 12 

- J, - SP 10 inches - SAND, wet, coarse, 7.5 YR 6/4, black stain last 4 inches 
24 

11 52 -0.0 12 CL 2 inches - CLAY with medium nrained SAND, 10 R 5/8 ,__ 
18 53 ,__ 

0.4 6 .._ SP 4 inches - SAND, wet, coarse, 7.5 YR 6/4 with black stain 
10 54 SP 18 inches - SAND. medium to coarse nrained, noorlv nraded, moist 

22 
0.5 - 7.5 YR 5/8 10 -12 55 -0.2 4 SP 6 inches - slltv SAND, fine to medium arained, ooorlv araded -

24 
7 56 - CL 18 inches - CLAY, white/red mottled, comoact, stiff, 7 .5 YR 8/1 

02 10 -13 57 -0.0 12 -
18 58 

10 -
0 1 16 last 2 inches rock -

15 59 
0.4 8 - SP 14 inches - SAND, fine to medium nrained, noorlv nraded, 7.5 YR 4/2 -

24 
8 60 - SP 2 inches - SAND, fine to medium nrained, noorlv araded, black stained 

0.1 8 CL 6 inches - sandv CLAY, medium arained, 10 R 4/4 -8 61 ML 2 inches clavev SILT, comoact, 7.5 YT 811 -
0.5 9 I 

12 62 - ,I, 
24 0.1 

- SP 10 inches-SAND, coarse nrained, moist, 7.5 YR 5/4 15 -15 63 SP 5 inches - SAND, medium arained, ooorlv araded. 2.5 YR 4/8 black mottle 

CONTINUED 
Logged by: Caron Mierczak Date: 04/06/2015 

Drilling Contractor: Find!in Driller: Chad Chism 



I 6 EA Engineering, Science, 

and Technology, Inc. 
EA Engineering. Sc,ence, 
and Technology, lru: 

LOG OF SOIUROCK BORING 
Coordinates: 1441341.379, 559564.1488 

Surface Elevation: 128' MSL 

Casing Below Surface: NIA 
Reference Elevation: 
Reference Desc: MD State Plane Slstem (US Survey Feet) 

Sample Inches Sample No. PIO Blows Depth 
Type Drvn/ln. ppm per in 

Recvrd 6 in. Feet 
0.3 4 

1--

24 7 64 1--

0.1 10 
1--

22 65 1--
0.0 11 1--

Grab 24 LF-08 65-67 8 66 1--
0.0 11 

1--
11 67 

1--

1--

1--

1--

1--
1--

1--

1--

1--

1--
1--

1--

1--

1--

1--
1--

1--

1--

1--

1--
1--

1--

1--

1--

1--

1--
1--

1--

1--

1--

1--
1--

1--

1--

Logged by: Caron Mierczak 

Drilling Contractor: Findlin 

uses 
Log 

SP 

SP 

SM 

Job. No Client: Location: 
1506106 MPA Landfill Area 4 

Drillinn Method: Boring No. 
rack-mounted Hollow Stem Auaer Ria LF-08 

Samolina Method: 
Standard Split Spoon Sampler Sheet 4 of 4 

Drillma 
Water Level NIA Start Finish 
Time -
Date N/A 0905 1320 
Reference N/A 
Surface Conditions: clav 

I 
\II 

5 inches - SAND, moist, fine to medium arained, noorlv araded, 
2.5 YR 5/4 
10 inches - SAND, moist, fine to medium arained, ooorlv araded 
7 .5 YR 8/3, black wood 
14 inches - siltv SANO trace clav, fine to medium nrained, comnact 
2.5 YR 5/4 
FINAL DEPTH 

Date 

Driller· 

LF-08 65-67 samoled at 1325 

04/06/2015 

Chad Chism 



16 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 4 

and Technology, Inc. Drillina Method: Boring No. 
EA Engineering, Science. Track~mounted Hollow Stem Auaer Rig LF-09 
and Tectino!ogy, Inc 

LOG OF SOIL/ROCK BORING Samolina Method: 
Coordinates: 1441611.431, 559605.6809 Standard Split Spoon Sampler Sheet 1 of 3 

Surface Elevation: 109' MSL Drillina 

Casing Below Surface: NIA uuater Level NIA Start Finish 

Reference Elevation: Time -
Reference Desc: MD State Plane System (US Survei Feet) Date NIA 0730 0945 

Reference NIA 

Sample Inches Sample No. PIO Blows Depth uses Surface Conditions: ::Jrass 
Type Drvnlln. ppm per in Log 

Recvrd 6 in. Feet 
0.0 6 

11--
ML 10 inches - SILT trace sand, fine-arained, 10 YR 313 

Grab 24 LF-09 0-2 4 1 O inches - clavev SILT trace sand, fine:arained, 1 O YR 311 
0.0 12 

1--
CL 4 inches - siltv CLAY, comoact, 10 R 516 

11 21-- LF-09 0-2 samnled at 0810 1--
1--

31--
2-30 ft bas auaered 

4-
-

5--
6-

-
7--
8-

-
9--
-10 -
-

11 -
-

12 --13 
1--

14 
1--
1--

15 
1--
1--

16 
1--
1--

17 
1--
1--
1--

18 
1--

19 
1--
-
-

20 -
-21 CONTINUED 

Logged by Caron Mierczak Date: 0410712015 

Drilling Contractor: Findlin Driller: Chad Chism 



I 6 EA Engineering, Science, 

and Technology, Inc. 
EA Engineering, Sc:ience. 
and Technology, lnc 

LOG OF SOIUROCK BORING 
Coordinates: 1441611.431, 559605.6809 

Surface Elevation: 109' MSL 

Casing Below Surface: NIA 
Reference Elevation: 
Reference Desc: MD State Plane Slstem (US Survey Feet) 

Sample Inches Sample No. PIO Blows Depth 
Type Drvn/ln. ppm per in 

Recvrd 6 in. Feet 

22 -,__ 

23 
,__ 
>---24 -

25 
,__ 
1--

26 
>----27 ,__ 
-

28 -
-

29 --30 -1.0 5 -9 31 24 ~ 

0.8 11 -13 32 
0.5 12 -

14 
.._ 

33 24 
0.0 12 

>--

14 34 
>---0.6 3 -4 35 24 ,__ 

0.3 6 
1--

8 36 
0.0 6 

>---22 11 37 -1.3 11 
12 38 -,__ 

0.0 4 
8 39 

>--
24 

0.2 8 
>---11 40 

0.0 2 -,__ 
24 2 41 ,__ 

0.0 2 
2 42 

1--

Logged by: Caron Mierczak 

Drilling Contractor: Find!in 

uses 
Log 

CL 
SM 
CL 
SP 

SM 

SP 
CL 
ML 

CL 
SW 

CL 
SM 
OL 

Job. No. Client Location: 
1506106 MPA Landfill Area 4 

Drillina Method: Boring No. 
rack-mounted Hollow Stem Auoer Ria LF-09 

Samolina Method: 
Standard Split Spoon Sampler Sheet 2 of 3 

Drillina 
Water Level N/A Start Finish 
Time -
Date N/A 0730 0945 
Reference NIA 
Surface Conditions: arass 

4 inches - CLAY with white/red mottlirlci, stiff, comoact 
4 inches - si!tv SAND, fine to medium nrained, 7.5 YR 3/1 
6 inches - CLAY with medium nrained sand, mottled tan/red 
8 inches - SAND, fine to medium nrained, noorlv nraded 7.5 YR 7/6 

I ,,, 
10 inches - sandv SILT, stiff, comnact, 10 R 5/6 

6 inches - SAND fine to medium nrained, noorlv nraded 7.5 Y 7/6 
8 inches - silty CLAY stiff, comnact, mottled tan/white/nink/nurnle 
10 inches- clavev SILT, trace fine arained sand, mottled oink/white/tan 

10 inches - siltv CLAY, stiff comnact, mottled tan/white/nink/ourole 
12 inches - SAND, well-nraded, 5 YR 6/4 

10 inches - siltv CLAY, trace medium Orained sand, mottled red/white 
11 inches - siltv SAND, moist, fine to medium arained 2.5 YR 4/4 
3 inches - clavev SILT 2.5 YR 3/1, nowde~. ornanics 

CONTINUED 

Date 

Driller: 

moist 

04/09/2015 

Chad Chism 



I 6 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 4 

and Technology, Inc. Drillino Method: Boring No. 
EA Engineering, Science. Track*mounted Hollow Stem Auner Rin LF-09 
and Technology. Inc. 

LOG OF SOIUROCK BORING Samolinn Method· 
Coordinates: 1441611.431, 559605.6809 Standard Split Spoon Sampler Sheet 3 of 3 

Surface Elevation: 109' MSL Drillino 

Casing Below Surface: NIA Water Level NIA Start Finish 

Reference Elevation: Time -
Reference Desc: MD State Plane System (US Survey Feet) Date NIA 0730 0945 

Reference NIA 

Sample Inches Sample No. PID Blows Depth uses Surface Conditions: nrass 
Type Drvnlln. ppm per in Log 

Recvrd 6 in. Feet 

a.a 2 1--
2 43 

24 a.a 2 
1--.__ 

3 44 .__ 
a.a 2 

3 45 
1--

' 
Grab 19 LF-09 44-46 a.a 5 

1--
OL 4 inches - clavev SILT, trace medium nrained sand, 2.5 YR 416 

9 46 - mottled with white, nowderv, ornanics, black wood - FINAL DEPTH LF-09 44-46 samoled at 0950 -
-
--
-
-
-
--
-
-
-
--
-
-
-
1--
1--.__ 
.__ 
1--
1--
1--.__ 
.__ 
1--
1--
1--
---
-

Logged by: Caron Mierczak Date: 0410912015 

Drilling Contractor: Findlin Driller: Chad Chism 



I 6 EA Engineering, Science, 
_ and Technology, Inc. 

EA Engineering, Scmnce, 
and Technology, Inc. 

LOG OF SOIL/ROCK BORING 
Coordinates: 1441417.763, 559477.0868 

Surface Elevation: 137' MSL -'--"=--------
Casing Below Surface: ~N"'/A-'-----------
Reference Elevation: 
Reference Desc: MD State P!ane System (US Survey Feet) 

Sample Inches Sample No. PIO Blows Depth 
Type Drvnlln. ppm per in 

Recvrd 6 in. Feet 
0.0 5 

1-6 
7 -Grab 22 LF-10 0-2 

0.0 -7 2_ 

3-
1--

41--
1--

1--
51--

61--
1--
1--

7 1--

81--
1--

91--
1--

1--
10 1--

11 
1--
1--

12 
1--
1--

13 
1--

-
-14 -
-15 -
-16 -

17 
1--
-
1--

18 
1--

19 
1--
1--

20 
1--
1--

21 
1--

Logged by Caron Mierczak 

Drilling Contractor: Find!in 

Job. No. Client: Location: 
1506106 MPA Landfill Area 4 

1o"""rilcolin"',n"-"M"'e:.,:th.:,Oeod,c: _,_-,--..,,,-------1Boring No. 
rack-mounted Hollow Stem Auger Rio LF-10 

Samolino Method: 
Standard Split Spoon Sampler Sheet 1 of 4 

Water Level 
Time 
Date 
Reference 

NIA 

NIA 
NIA 

Drillina 

Start Finish 

0850 1415 

uses Surface Conditions: clav 
Log 

ML 18 inches- clavev SILT, comoact, stiff, 5 YR 516 

CL 
4 inches - siltv CLAY, white with ourole mottlino, 5 YR 811 

LF-1 O 0-2 samnled at 0948 
2-55 ft bas auoered 

CONTINUED 

Date 

Driller· 

04103/2015 

Chad Chism 



16 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 4 

and Technology, Inc. Drillino Method: Boring No. 
EA Engineering, Science. Track-mounted Hollow Stem Auner Rig LF-10 
and Technology, Inc 

LOG OF SOIUROCK BORING Samnlina Method: 
Coordinates: 1441417.763, 559477.0868 Standard Split Spoon Sampler Sheet 2 of 4 

Surface Elevation: 137' MSL Drillinq 

Casing Below Surface NIA Water Leve! NIA Start Finish 

Reference Elevation: Time . 
Reference Desc: MD State Plane System (US Survey Feet) Date NIA 0850 1415 

Reference NIA 

Sample Inches Sample No. PIO Blows Depth uses Surface Conditions: c!av 
Type Drvn/ln. ppm per in Log 

Recvrd 6 in. Feet 

f--22 '--

23 '--
f--

24 f--
f--
-25 --26 --27 -
-28 --29 -
-30 -
-31 --32 -
-33 --34 f--
'--35 '--

36 
f--
f--

37 f--'--

38 '--
f--

39 
f--
f--
'--40 -
-41 - ,, -42 CONTINUED 

Logged by: Caron Mierczak Date: 0410312015 

Drilling Contractor: Find!in Driller: Chad Chism 



!&'6 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 4 

and Technology, Inc. Drillina Method: Boring No. 
EA Engineering, Sc,once. Track-mounted Hollow Stem Auner Ria LF-10 and Technology, Inc 

LOG OF SOIL/ROCK BORING Samolina Method: 
Coordinates: 1441417.763, 559477.0868 Standard Split Spoon Sampler Sheet 3 of 4 
Surface Elevation: 137' MSL Drillina 
Casing Below Surtace: N/A Water Level N/A Start Finish 
Reference Elevation: Time -
Reference Desc: MD State Plane System (US Survey Feet) Date N/A 0850 1415 

Reference N/A 
Sample Inches Sample No. PIO Blows Depth uses Surface Conditions: clav 

Type Drvn/ln. ppm per in Log 
Recvrd 6 in Feet 

..._ 
43 ..._ 
44 

..._ --45 ..._ 

46 
..._ 
..._ -47 -

48 
..._ 
..._ 
-49 -

50 
..._ 
..._ 

51 
..._ 
..._ -52 -

53 
..._ 
..._ 

54 
..._ --55 ..._ 

0.0 6 ..._ ML Clavey SILT, stiff, comoact 5YR 5/6 with last 4 inches mottled white 

20 7 56 
0.0 12 

..._ -14 57 
0.0 12 - SP 6 inches - silty SAND, medium nramed, noorlv nraded, 5 YR 6/6 

14 58 - SP 12 inches- SAND trace c!av, coarse, noorlv nraded, 10 YR 5/6 18 ..._ 
0.0 16 

17 59 
..._ 

0.0 10 
..._ 

ML Clavev SILT, trace fine nrained sand, comnact, 5 R 6/8 with white mottle -22 11 60 
0.0 14 -..._ 

15 61 ..._ 
0.0 15 ML 15 inches- clavev SILT, trace finearained sand, 2.5 YR 4/4 

19 62 
..._ 

ML 2 inches - clavev SILT, trace fine cirained sand, GLEY 2 71106 17 
0.0 23 

..._ 
-24 63 CONTINUED 

Logged by: Caron Mierczak Date: 04/03/2015 

Drilling Contractor: Findlin Driller: Chad Chism 



I A 
Job. No. Client: Location: 

EA Engineering, Science, 1506106 MPA Landfill Area 4 

and Technology, Inc. Drillina Method: Boring No. 
EA Engineering. Science. Track-mounted Ho!low Stem Auoer Rig LF-10 
and Technology. 1nc 

LOG OF SOIL/ROCK BORING Samnlino Method 
Coordinates: 1441417.763, 559477.0868 Standard Split Spoon Sampler Sheet 4 of 4 

Surface Elevation: 137' MSL Drillina 

Casing Below Surface: NIA Water Level NIA Start Finish 

Reference Elevation: Time -
Reference Desc: MD State Plane System ~US Survey Feet) Date NIA 0850 1415 

Reference NIA 

Sample Inches Sample No. PID Blows Depth uses Surface Conditions: clav 

Type Drvnlln. ppm per in Log 
Recvrd 6 in. Feet 

0.0 22 I-- SM 8 inches - sandv SILT, fine to medium nrained, comnact, 2.5 Y 5/4 

24 
49 64 

I--
CH 2 inches - fattv CLAY, hinh nlasticitv, 10 YR 711 

00 22 SP 14 inches - SAND. fine to medium orained, loose. -ooorlv oraded, 10 YR 614 
I--

24 65 1--
3.6 9 1--

ML 12 inches-clavev SILT, comoact, red 

24 
14 66 1--

ML 6 inches - clavev SILT, comnact, white 
1.8 14 SP i inches - SAND. fine to medium arained, black staininQ, loose, poorlv -

16 67 raded I -
0.0 20 II/ -

20 
20 68 - ML 6 inches - clavev SILT, comoact, red 

0.0 21 SP 8 inches - SAND, medium to coarse nrained, moist, loose, ooor!v 

24 69 - nraded. 10 YR 614 -
0.0 5 -

20 
9 70 -

0.0 12 -
15 71 -0.0 4 -

24 
12 72 -

0.0 15 -
16 73 -1.6 11 
15 74 - saturated at 8 inches 

Grab 24 LF-10 73-75 -
2.9 12 -

18 75 ML 6 inches - clavev SILT. comoact, 2.5 YR 414 - FINAL DEPTH LF-10 73-75 samnled at 1415 -
1--..._ 
..._ 
1--
1--
1--
I--

I--

1--
1--
1--
I--

---
-

Logged by: Caron Mierczak Date: 0410312015 

Drilling Contractor: Find!in Driller: Chad Chism 
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Cri.,tal l'SA Facilit, 
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Table D-11 
Cristal liSA Facility 

Toxicity characteristic leaching procedure 

Location ID: AN-06 
Sample ~ame: AN-06 0-2 
Date Sampled: 4 16/2015 

Parent Sample ID: 
Depth Interval {ftl: o-:! ft 
RCRA 

Anah·te TCLP Unit 
TCLP Metals fS\\'60100 
Arsenic 5 mu/I 0.034 J 
Barium !00 ITI":'J 0.!4 JB 
Cadmium I ITT!.!.'I 0.50 tJ 
Chromium 5 llli!/l 0 50 lJ 
Lead 5 mg/! 48 
Selem um I llJ!.>:/l 0 044 J 
Silver 5 mi:!"I < 0.50 U 
TCLP Mercun tSW7470Ai 
Mcrcur. 0.2 m!.!/1 .. 
;\'otcs 

RCRA TlLP. October 2009 Imp "w\, epa g,,v. (>S\, /hazard ,,astetvpe., 'charactcns11c htin 

mg.'I --milligrams per liter 
B-7 Compuund was found m the blank and sample 
J~ Result is less 1han the RL bu( greater than or equal to the MDL and the 
coneentrat1on 1s an appro:,,:1ma!c Y>llue 
u,~ Not Detected 
Boldcd ,·alucs exceed RCRA TC:LP 

MB-04 
MB-04 

4/3/2015 

0 50 U 

0.22 JB 
050 U 

0.052 J 
0.50U 

· 0.50 \J 
-,.o 50 U 

000020 u, 
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SB-32 SB-55 
DUP-08 SB-55 6-8 
4/3/2015 4/912015 

SB-32 0-2 
0-2 ft 6-8 ft 

, 0.50 U ~- 0.50 U 

0 069 JB 0.1018 
-·a.sou () sou 
.,- 0.50 li 0.022J 
-·osou < 0.50 U 

0.50 U 0.0! 9 J 
0 0030 .18 050 U 

0.00010 U ,• 0 00020 U 

SS-06 TS-06 UB-03 
SS-06 1-3 TS-06 13-15 UB-03 3-5 
4/2/2015 4/8/2015 4/1/2015 

1-3 ft 13-15 fl J-5 n 

~- 0.50 U < 0 50 U -·osou 
0 042 JB I 7 JB 0.073 JB 

< 0.50 U 0.0045 J 0 0022 J 

0 50 U 0.024 J 0 025 J 
4.5 91 0.015 J 

·-'0.50 U 0.50 U 0.50 U 
0.50 ll 0.50 U < 050 U 

0.00015 J < 0.000::W lJ -.c.: 0 00020 lJ 



Table D-12 
Cristal VSA Facilit)· 

Chromium Speciation Results 

Location ID: 
Sample Name: 
Date Sampled: 

Parent Sample ID: 
Denth Interval (ft): 

Analyte MDE Non-Residential Soil llnit 

Chromium (SW7196A) 
Chromium (hexavalen!} 310 mg/kg 

Chrommm (Ill) 150000 m!!/kg 

!\01es 

l\lDE Non-Residential Soil= l\laryla:nd Dept. of Environment June 2008 non-reoidential cleanup 

mg/kg milligrams per ktlogram 
J~ Result 1s less than the RL but greater than or equal to 1he MDL and the concentration is 

an approximate value 
Bolded Yalues eHeed MD[ :\on-Res 

U00 Not Detected 

BB-07 
88-07 

4 .. 2 ... 2015 

0-2 

68 
2300 

Page 58 of58 

LB-07 

LB-07 

4i2i2015 

,-_, 
2100 

MB-04 SB-32 SB-55 TS-06 UB-03 

MB-04 DUP-08 SB-55 6-8 TS-06 13-1 UB-03 3-5 

4/J/2015 4,'3/2015 4/9/2015 4/8/2015 4.:Jt2015 

SB-32 0-2 

- 0-2 6-8 13-15 3-5 

170 I 7 I 7 0 28 J 40 
< 0.50 U < 0 50 U < 0.50 U , 0.50 U - 0.50 U 
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An~ht< 
Dio,in/f"un,n 1SWl61lB) 
I::.\ 4f, 7 R-l,c·>\achh•n•d1i,.-av<>Ju,,,i, 

l ::. \ 4 7 R.t,,-,:.d1i""'<l1b,:n,.,- ,~IH>"H 

I: t,r, 7 R-hc,.oc·hi,·«>Jihc1,;-,lwau 

i::. 'f, 7_<•hc\acl,h,,.,d1l,ent"·'·J1n,rn 
l,:!,1,7 R.'!-lk\.,d11\,nd1l,,:1vd<irnt> ii hL'IJI· 1 

()(_'i)lt,>e",chi,,,,,d,l'<.W<'lt<r,HOJ 

ll"'"n I'!<,, - rl·!· \\ll< t 
~fotol, (SW6IIWA1 
Alum,mm, 

'''"'"'""' 
''''""" 
Bcnll,uio, 

l.,Jm,um 

In,,, 

\,,Ha.hum 

Mil[ J::.,,, MOE ho 
fri,,h,ul<r IH'Wk Fr«h"afet Chrnni,· 

N.SI 

N.sl 

NSI 

N~J 

N~i 

Ml 
(,i 

N,1 

'" NSI 

NSl 
NS! 

N.,1 

NSI 

NSI 
NSL 
N~l 
N\l 

N~l 
Na) 

N,1 
NSJ 

N~l 
N~I 

N,I 
N~I 

N:,i 

N\l 

N,I 
N~l 

N~l 

N\i 

NOi 
NSI 

Health llnnl<ln~ 
Wat.rand 
Or ani,., 

NSI 
NS! 
NS! 

NS! 
,'ISl 

NSL 

N~l 
Na: 
N,l 
NS! 

NS! 

NOi 

N.'>I 

"IK 

NS! 
1,,, 

1m, 

NS! 

Nol 
ll:!-1 

Table D-14 
Cristal USA Fadli!} 

Surface Water Results 

Lu<ahun Ill 
s ... 1npl,, Nam.: 
Oat~ Samp1<d: 

Par<nt Sam I< ID: 

MOE Hwm"n 
H.,.lth o--·-··nion tJnu 

N~! 
N~! 

N~: 
NSI 

N~I 
NSI 

NSI 

NSI 

N\l 
Nat 

NS! 
h-1'' 

1-i 

NSl 

4/,(1(' 

N'il 

NSI 
NSI 

N~I 

... ,.,, 

,,.1 

.,.,·1 ,, 

,•;I 

"'' µ" I 
µ,•i 

µ•'i 
-, 
,,,, 

Hil-"R 
ll!l-'>R 

4;):!c>1< 

"''Jil] 
J•Jljl 

I H)fll 

l-lll.1 

< 5-11' 

·-ill' 

'i"i 

,.,,1 

ll'J-1.' 

l)l"Jr,1, B 
KSf>l-1)·:! 

. 5r,1r1-·2 
"l"l' 

'""'ll 
1r,r, 

H]\.fJR 

~ 51 \ 

<;\>I• 
•51i' 

Sl\ 

<511' 
, 111 

2K<lB.' 

, 1,,1· 
,1rt\' 

'" )l,1 

51("' 
r,;;' 

IW11'lf>l< 

Kill 

<l(•li 

15< 

4"1.'21,J< 

o 'Jl! !II 

,,xr,<JH.r 
I' HJ 

fl ::7 <).I 
<!7\' 

,',f'I' 

,, 
..,. 

1-IJ 
ft0<-1 

1<>1' 

1,.r 
1::.1 

ll,I 

,')f>\l 

'"'"'"'•h 
f,K! 

i,lflOfl ll 
,jf>\ 

~ lfl 1: 

"I,,' 

1-]{.,, .. 

1:n-0: 
4'l')l>IS 

:!Jill 
fl/,'l{,)J 

.5;1• 

J7 [lJ 
,-;,1• 

111HJ' 

•'-\11' 

' <l I' 
,1:1· 

fllf>(,1 

1,w 

-2fl\' 

ma 

··I"' 

l\nl)ft 

•'l"I 
i<i•tO<>II h 

< ;o I' 
< 10 I' 

U.?~J 
71,,1 



4.nahk 
!.m, 
M,•,.·un (S\\'7470Ai 
).,'krcuf\ 

f,:,>d,,r 1221 

,\"Jd<'! ic1::' 

·\r<>dor i 1-l:' 

\"''l"r i::'48 
,\"d"' :;,;.; 
·\r,,cin, l:'W 
l',,hd,lm,nated h, ,l,.1n\'I, 

voes iSWS!MICJ 
I : 1-tnchlnwc'lh,n,· 
: 1.l.2-t,•tr,-,·blonk·1bt:,· 

a I 2-1mhl"'"'1h,.,o 

l l.J,h,ms,><·,h:m,· 
1 2.J,ohi,,rnc1b,m,· 

I l·d,d,hm,e,hc•nc 

lkr,,en,· 
IJr,m,nJ,chi r,,mcth"n,· 

ll,<>m•>n1<·,hanc 
sorb,,n,b,ulf,J,· 

('1,rb,>1\ \O<f,,~hi<l,,J,• 

('hh'>nl~,v,·n, 

Chl.>!nc,h"nc 
(.1)lm<1i;,nn 

ci.;.,"'"'cth,,,e 
<0L>-l,:'-,hchlor<>s·1hcnc· 

""'I .1-d1chinn,n,,,,,,""' 
J:i,O,onwdih,r<>mcthan,• 

MDE£rn MD£Ecu 
r,..,,h,ukrAcuk Fu,h,.at<rChr,,ni<' 

J'f, 

N~I 
N~l 
N\l 
NSL 
NS! 
N~l 

NSI 
N\l 
N~I 

•1,1:, 

Health Dri.nl<lni 
Wa1<r oml 

Or•ani,m 
O,hHI 

ll (/llOi,.j 

,;(HJ<it,-l 

,1,UJd/,.1 

f1(1o,)(,.J 

,1110,~,.: 

,,i,1,,1,-1 

N'il 

NSI 
1'~1 
)l'i] 

NSl 

K'I• 

)',.'Sl 

Table lH4 
Cristal l$A Fafili1J 

Surfact Wattr Resuhs 

Lo<>Uiun ID: 
5'11npk Name: 

Datc5'1mpl<d: 
Par,,nl S..mnk ID: 

MOE lluinan 
llc~l•h o-..,;.m l'ni1 

dlli);l(,-l 

lllHJCt(,.j 

,1 on,,,,, 
U/1'1,J/,-l 

•,fi'l,1/,.j 

""'"1"4 
O;lialJ,,.J 

N'iJ 

lill 
~·s1 
/·N 

N~I 

11fl 

µ•,1 

µ,,1 
µ,'] 

""/i 
µ,:1 
µ-~.1 

l'oµc 2s>J ,I 

llH•U8 
llH-<lK 

2'2"1.i 

{JOM9\' 
. nno1<J \' 
,,11Hl)')I' 

'<JO(r)'i l" 

~ ,1 ,)(1<J~ I' 

000')9 I' 

··(,(>fl'J'J!' 

,·101· 

• i 01) 

'i>l' 

.,11,II 

·-·1,:\; 
, I<! IJ 

<"lfll' 
,1ni' 
-·5111; 

,·,"\' 
-151 

--1,,· 
-1,,· 
< I <>1' 

I o\H'l 
,· I 1,UFI 

· 1,;1· 

~ [ l!l) 
•11'1' 

•,:\ 

~I,: I' 

,[!J\' 

, Ill\ 

, lul 

< l <1 \ 

,· I <I I 

-!.'),')Jill 

IJB-118 

"'"'"I' 
'''1'1')91' 
'l<lfl'J-/[' 

<"()<J(>')'il' 

C(Je),W/1' 

<>0,1991 

• o<,ti')·il 

< (,(e1)'n I 

,(JIHJ'!'JI 

'1111 

·-IIJ!' 
. 1,,:· 
,·In I' 

'-l<JI' 
·'l<J'' 
-1,it· 
··IOI 

., I Ol' 

']Pl 

;,1 ,, 
·1,:1' 
llll' 
1,11' 

S:[IJi' 

11,1• 

--1,,1 

101 
,,11,1 ,,, 
-·]nl 

!iJ-llR 

!.il~,K 
ncr11i 

Cll.l 

< <' <'ll~5 I 
,•,,;,;9;\ 

')():!9_1: 

,,011')_11 

"1"1''51 
•o';lfih51' 

. l(Ji' 
[,;(' 

-1,,1· 

< In I' 
·1nl' 

l<,l' 
,1,,1• 

· ]Pl: 
, lllll 

,-,,,\' 
-,1u1· 

'liil' 

--:111' 

,:.;1· 
'1111· 

<\<)'' 

~ I id' 

1<'11 

,·1nl' 
--1,ll' 

< I t>\l 

l !iJ./)7 

IJ,l-0'1 
1·1,1,,1, 

,.!.] 

-{1.41 -

'illi{,T' 

-01,:nl' 

"'n1Hn 1 · 

• fl IH<J 1' 

,r,111»1: 

• IOI' 

~In I' 

""~ _I 
,'!Pi' 
,1,,1' 
, IO\' 

':,ll' 
'"]" 

··1r,1· 

,)111' 

·Jul' 

·'I<''' 
··In I' 

·-Io I' 
l<J"' 

,-1,,11 

<id[\ 

ll>1' 
,.·:, 
~ I l)l 

, I i>I 
<it>I 
<1111 
• lfll 

, 11,1 



Anahk 
/vkth1lte<t-hu1,1 clhe, 

Meth, Im,· l"hh,,.,k 

1ram-lhlJcbl<>r" 
lnd,J,,,,,e,bcne 

V,rnlchl<mdc 
X,knc., 1 .. ,,,1 

SVOCS SW8271!1)) 
i C 4-tnchl,,,,,\,c.,,c·11<· 

i C-,hci1i""'!"'"""' 
i>-J,ci1h>e"l"-'ll/e>lc· 

I <·d<cl,l""'bcnlcn,· 

:!-I 5-lBchh·">>hcn,,J 
' ; 1,-111,hl<>,.,,henul 

C. J-,hdolnn,,hci,oi 

:!-•-J,mctl"l 'heH<>I 
;.,-JrnHr<d>cta<'I 

: -1-d>tULf<>\<'l"cn,· 
;.1,-d,,,,,,,,,,,1,,,,,c 
:'-cl,h"""" ,l,th,,lc,i, 

C-mdl'in,,h,h,Hco,, 
~-mc;Jn j ,heo,d 

\ >·dicl,l,,r.,b,·n;"lrn,· 

1-el,l,,r.,,m,IJ,,c 

l-mc·,h1l,lien<>I 

,\,eL>co ,l,thonc 

,\ecna,,l,ih,kllc 

Hc,ud,a aiotl,racen,• 

lktl?d:.hrc,w 
lkn:nlhl/lu,>ranthei,c· 

lknN •h,'·><nknc 
Ile!)}" I, 11",,r;rnlhen,· 

fl"1C-chl»n>c1h,J,e1heF 

ilLS<2-ctiL,UJc"]> >l,ih:,l:,tc 
\_,.,i,,.,"k 

MDE ho MU[ El·u 
f,.,,,h,.~1erAcu!e Fr.-,h.,~terChr<>nk 

N~I NSI 
N,I NSI 
"J',f NS! 
N~! NS! 
NSI N,l 
N,1 N,t 
N,t NSl 
N'il N,l 
N,l NS) 

N.'>l N'ii 

N\l NS! 
N,: N'il 
N,t N,1 

N-'l NS! 
N,i NSl 
N,I NSl 
N'il N,: 
NSI NSJ 
N',l NS! 
NS[ l-N 
NSI N,! 

NS! CN 
N,l N,: 
N,l NSI 

.'-N N'il 
"JS! N.,1 
N,1 N,) 

N,i N\l 
N,t NS! 
N\l N,J 
N,1 NS! 
NOi NSl 
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Table D-14 
Cristal USA 1:adli!I 

Surface Water Results 

t,w:alio>n ID: 
Sampl< Name, 
!)ale S•mpk,I, 

r.,,.,,n! Sam-1,, ID· 

MO£ Human 
Hc•l•h O-•ni,m Unil 
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Table D-14 
Cristal L:SA facility 

Surfac~ Waler Results 

Location ID: 
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Field Parameter.; 
oH 

Conduc\intv 
Temnerature 

ORP 
Turbititv 

Dissolved Oxy 1en 
Notes 
uS•cm O 1mcos1emens per cent1meter 
··c--. Degrees Celsius 
rn\' 0

- mil!in1!ts 
;-.'Tl' Ncphelometric Turbidity l'mt 
mg.'L -- milhgrnms per ht.-:r 

Analysis Performed by laboratory 
:-..; Not Analyzc<.I 

Well ID SB-20 I 
Date 4"'Ji2015 I 
Time 1215 I 
t:nits 

nH units 6.97 
us:cm 361 

~c !0.75 
m\' 14.4 

NTL' 236 
m·•/L 6.89 

Table D-15 
Cristal {iSA Facility 

Groundwater Field Parameters 

SB-!9 SB-30 I SS-05 I SB-40 I SB-42 I 

4/8..-2015 I 4i8,'20!5 I 4-'9/2015 4.'!3/20!51 4.•J3i20!5 I 
0&25 I l 105 I 0900 I 0825 I 0940 I 

4 15 5 6.26 6.61 5.95 
!437 1339 1156 3720 67.3 
Fl.3 !O 18 ! 1.08 9 43 !0.79 
;g !54 J -175.1 -!04.9 -26 7 

B.2 74 8 3 l 7 21 6 440 
463 7 12 (J 46 l.!9 0.7 

Pagel of2 

SB-·17 I SB-28 I AN-04 I AN-!3 
4'1312015 ! 4-'11/20J'i I 4·l4·'20!5 ! 4·]4/2015 I 

1115 1325 I 0840 I 1()05 I 

4.5 4 62 5.83 606 
1630 19787 3313 70S 

II 5 \:1.99 1268 JU 45 
!46 96.7 127 9 20.4 
MO 70. 1 :,~.6 36.2 
0.58 2. D 771 3. 19 



Field Parameters 

"" Condu.:tivitv 
Temnerarure 

ORP 
Turb1wv 

Dissoln:d Oxv<>en 

!"iotes 
uSicm ~- m1cos1cmens per ccnumetcr 
"C~ Degrees Celsius 
mV= milln·olts 
!\Tl', Nephelomctric Turbidity L:rni 
mg'!. 0

~ milligrams p~r htcr 
*-0 Analysis Performed by !aborntot} 
:'•> No1 Analyzed 

SB-56 I 

4 J4.'2015 
1145 I 

476 
4373 
14.1 
55 

196 
0.3 

SS-03 I 

Table D-15 
Cristal t:SA Facilit)· 

Groundwater Field Parameters 

SB-24 SB-35 SB-60 I SB-59 I SB-57 I SB-53 I SB-50 

4:!4,'2015 l 4·15,'2015 I 4·15:'2015 I 4/)5/2015 I 4,\6·'2015 I 4i\7i20!5 ! 4/17/2015 l 4iJ7i2015 

1445 I 0815 I 1035 I !310 1!00 I 0850 I 13',0 I !500 

6.59 6 28 4 33 4.05 6.54 6 72 86 NA 

1342 34-61 20279 437 6880 1632 1142 11000* 

JO 03 i:. 14 l l.l 10.58 13 9.8 10.46 :-:A 

-122.2 -61 49.3 246 2 90 -89.4 -49.2 !90* 

939.2 32.3 65.6 70.2 3.7 26 8 728 NA 
O 33 :'.4 2.2.1 349 6.35 U.38 16.4(, NA 
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· .. . ·. ··.· 
.• . 

. . l\f.!tllod . . · " ·:_,: .< 

Table D-16 
Cristal USA Facility 

Analytical Services Soil Summary Table 

.... < l11r1 
· .. . 

}·": _"· ___ -__ \_·-,,:'·--_---_\.> ___ :.> ·:; i,it,. ..... · .... \_-·->.,,,_· .. 
.·. .Casl'fo, l{~~rting Limit 

RAD ("Ci/<>i. · .· ·•· . • · •·· ... .. ·•· .•· · , << ·--_.,_·- __ -.· · ..... > .<_.·::· i·,,_'" . ·<_:' .i :, ___ •• \· 
E901.l Cesium-137 I 0045-97-3 0.2 

DioxiniFtil'll.tt ----.. · . __ -____ _,.. . ;' "'," ·-:- ·.:·, -_-·:::: ·< ',_, . "-;-:'/ .. ·:· -·-· •.. ··.·.·· .. ·.·•·· .. > ·.· •. <>) . 

SWl613B 1,2,3 ,4,6, 7 ,8-heptachlorodibenzofuran 67562-39-4 2.9 
SWl613B 1,2,3, 4,6, 7 ,8-heptach lorodibenzo-o-dioxin 35822-46-9 2.9 
SWl613B 1,2,3 ,4, 7 ,8, 9-heotach lorodi benzofuran 55673-89-7 2.9 
SWl613B 1,2,3,4, 7,8-hexachlorodibenzofuran 70648-26-9 2.9 
SWl613B 1,2,3 ,4, 7 ,8-hexachlorodibenzo-n-dioxin 39227-28-6 2.9 
SWl613B 1,2,3,6,7 ,8-hexachlorodibenzofuran 57117-44-9 2.9 
SWl613B 1,2,3 ,6, 7 ,8-hexachlorodibenzo-p-dioxin 57653-85-7 2.9 
SWl613B 1,2,3, 7 ,8,9-Hexachlorodibenzofuran (HxCDF) 72918-21-9 2.9 
SWl613B 1,2,3, 7 ,8, 9-hexachlorodibenzo-p-dioxin 19408-74-3 2.9 
SWl613B 1 ,2,3, 7 ,8-pentachlorodibenzofuran 57117-41-6 2.9 
SW1613B 1,2,3, 7 ,8-pentachlorodibenzo-o-d ioxin 40321-76-4 2.9 
SWl613B 2,3 ,4 ,6, 7 ,8-hexach lorodi benzofuran 60851-34-5 2.9 
SWl613B 2.3 .4. 7 ,8-pentachlorodibenzofuran 57117-31-4 2.9 
SWl613B 2,3, 7 .8-tetrachlorod ibenzod iox in 1746-01-6 0.58 
SWl613B 2,3, 7 ,8-tetrachlorodibenzofuran 51207-31-9 0.58 
SWl613B OCDD (octachlorodibenzo-4-dioxin) 3268-87-9 5.8 
SWl613B OCDF (octachlorodibenzofuran) 39001-02-0 5.8 

PPL Metals (ma""" · . 
SW6020A Aluminum 7429-90-5 1.7 
SW6020A Antimony 7440-36-0 0.11 
SW6020A Arsenic 7440-38-2 0.057 
SW6020A Barium 7440-39-3 0.57 
SW6020A Beryllium 7440-41-7 0.057 
SW6020A Cadmium 7440-43-9 0.057 
SW6020A Calcium 7440-70-2 5.7 
SW6020A Chromium 7440-47-3 0.11 
SW6020A Cobalt 7440-48-4 0.028 
SW6020A Copper 7440-50-8 0.11 
SW6020A Iron 7439-89-6 2.8 
SW6020A Lead 7439-92-1 0.057 
SW6020A Magnesium 7439.95.4 5.7 
SW6020A Manganese 7439-96-5 0.28 
SW6020A Nickel 7440-02-0 0.057 
SW6020A Potassium 7440-09-7 5.7 
SW6020A Selenium 7782-49-2 0.28 
SW6020A Silver 7440-22-4 0.057 
SW6020A Sodium 7440-23-5 5.7 
SW6020A Thallium 7440-28-0 0.057 
SW6020A Vanadium 7440-62-2 0.057 
SW6020A Zinc 7440-66-6 0.28 
SW7196A Chromium (hexavalent) 18540-29-9 0.49 
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Resiclf!lltI~tSoil ... •.• 
i\ -·_.·-_,__·.··<.}·"/' 

NSL 

.. . • • 

NSL 

NSL 
NSL 

NSL 

NSL 
NSL 

NSL 
NSL 

NSL 

NSL 

NSL 
NSL 

NSL 
NSL 

NSL 
NSL 

NSL 
. 

100000 
41 

3.0 

20000 

200 
51 

NSL 

310 
NSL 

4100 

72000 
1000 

NSL 
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2000 

NSL 

510 
510 

NSL 

7.2 

JOO 

31000 
310 



Table D-16 
Cristal USA Facility 

Analytical Services Soil Summary Table 

- ~ 

SW7196A Chromium (Ill) 16065-83-1 0.5 

SW7471B Mercury 7439-97-6 0.017 

'111',fff'~ :;}/ . .; • ; ·. i'ii:~ .·.. .;, !ii ~ "' " .. ffl . 
SW8015C Diesel Range Organics DRO 17 

SW8015C Gasoline Range Organics ~o 0.1 

t>c~xr·· ••••• ••• :\'·}j\···-'< '>-'. n. ·i> .. ;;'.,e,'.: \·_-'. ·,'./</ C;J •·•·••'. ";; 

SW8082A Aroclor IO 16 12674-11-2 0.9 

SW8082A Aroclor 122 I 11104-28-2 0.9 

SW8082A Aroclor 1232 I 1141-16-5 0.9 

SW8082A Aroclor 1242 53469-21-9 0.9 

SW8082A Aroclor 1248 12672-29-6 0.9 

SW8082A Aroclor 1254 I I 097-69-J 0.9 

SW8082A Aroclor 1260 I I 096-82-5 0.9 

SW8082A Polychlorinated Biphenyls I 336-36-3 0.9 

i~c~~ ,, • .. ,.i<f''. ... , .• "·'· ,,.,:·•'.',,,}/, •• ' ... ' ....... ,,,;,, " 
SW8260C I, I, I-trichloroethane 71-55-6 3.8 
SW8260C I, l ,2,2-tetrachloroethane 79-34-5 3.8 

SW8260C 1, l ,2-trichloroethane 79-00-5 3.8 

SW8260C 1.1-dichloroethane 75-34-3 3.8 
SW8260C I, 1-dichloroethene 75-35-4 3.8 

SW8260C 1.2-Dibromo-3-chloropropane 96-12-8 3.8 

SW8260C l ,2-dibromoethane 106-93-4 3.8 

SW8260C 1 ,2-dichloroethane 107-06-2 3.8 
SW8260C 1,2-dichloroethene 540-59-0 3.8 

SW8260C 1,2-dichloropropane 78-87-5 3.8 

SW8260C 2-butanone 78-93-3 3.8 

SW8260C 4-methyl-2-pentanone 108-10-1 3.8 

SW8260C Acetone 67-64-1 15 

SW8260C Benzene 71-43-2 3.8 

SW8260C Bromodichloromethane 75-27-4 3.8 
SW8260C Bromoform 75-25-2 3.8 

SW8260C Bromomethane 74-83-9 3.8 

SW8260C Carbon disulfide 75-15-0 3.8 
SW8260C Carbon tetrachloride 56-23-5 3.8 

SW8260C Chlorobenzene 108-90-7 3.8 
SW8260C Chloroethane 75-00-3 3.8 

SW8260C Chlorofom1 67-66-3 3.8 

SW8260C Chloromethane 74-87-3 3.8 
SW8260C cis-1,2~dichloroethene I 56-59-2 3.8 

SW8260C cis-1,3-dichlorooropene 10061-01-5 3.8 

SW8260C Dibromochloromethane 124-48- I 3.8 

SW8260C Ethylbenzene 100-41-4 3.8 

SW8260C Isopropylbenzene 98-82-8 3.8 

SW8260C Methyl tert-butyl ether I 634-04-4 3.8 
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Table D-16 
Cristal USA Facility 

Analytical Services Soil Snmmary Table 

~ ~:;;i',\\•c!~i.\t? ~} 
",: ,':'·--:\_',_ :>::;,,->:(::>_<.·:::-- :'. 

. ' ·c> i{~ift~gtJ1;Jttilt ·. 
SW8260C Methylene Chloride 75-09-2 3.8 
SW8260C Styrene I 00-42-5 3.8 
SW8260C Tetrachloroethene 127-18-4 3.8 
SW8260C Toluene 108-88-3 3.8 
SW8260C trans-1,2-dichloroethene 156-60-5 3.8 
SW8260C trans- l ,3-dichloropropene 10061-02-6 3.8 
SW8260C Trichloroethene 79-01-6 3.8 
SW8260C Vinyl chloride 75-01-4 3.8 
SW8260C Xylenes, Total 1330-20-7 11 

SVOCs . · .. . ·•· ... · . i./.< .•. ... . · ..··. .. " .:, . · .. :· .. . . ·. . .. · . 

SW8270D 1,2,4-trichlorobenzene 120-82-1 19 
SW8270D 1,2-dichlorobenzene 95-50-1 19 
SW8270D 1.3-dichlorobenzene 541-73-1 19 
SW8270D 1,4-dichlorobenzene I 06-46-7 19 
SW8270D 2,2-oxybis( 1-chloropropane) I 08-60-1 3.8 
SW8270D 2,45-trichlorophenol 95-95-4 19 
SW8270D 2,4,6-trichlorophenol 88-06-2 19 
SW8270D 2,4-dichlorophenol 120-83-2 3.8 
SW8270D 2.4-dimethylphenol I 05-67-9 19 
SW8270D 2,4-dinitrophenol 51-28-5 96 
SW8270D 2, 4-dinitrotol uene 121-14-2 19 
SW8270D 2,6-dinitrotoluene 606-20-2 19 
SW8270D 2-chloronaphthalene 91-58-7 3.8 
SW8270D 2-chlorophenol 95-57-8 19 
SW8270D 2-methylnaphthalene 91-57-6 3.7 
SW8270D 2-methylphenol 95-48-7 19 
SW8270D 3.3-dichlorobenzidine 91-94-1 19 
SW8270D 4-chloroaniline I 06-47-8 19 
SW8270D 4-methylphenol 106-44-5 19 
SW8270D Acenaohthene 83-32-9 3.7 
SW8270D Acenaphthylene 208-96-8 3.7 
SW8270D Anthracene 120-12-7 3.7 
SW8270D Benzo[ a]anthracene 56-55-3 3.7 
SW8270D Benzo[ a]pyrene 50-32-8 3.7 
SW8270D Benzo[b]fluoranthene 205-99-2 3.7 

SW8270D Benzof g,h,iloervlene 191-24-2 3.7 
SW8270D Benzo[k ]fluoranthene 207-08-9 3.7 
SW8270D Bis(2-chloroethyl) ether 111-44-4 3.8 
SW8270D Bis(2-ethylhexyl) phthalate 117-81-7 38 
SW8270D Carbazole 86-74-8 3.8 
SW8270D Chrysene 218-01-9 3.7 
SW8270D Dibenz[ a,h ]anthracene 53-70-3 3.7 
SW8270D Dibenzofuran 132-64-9 19 
SW8270D Diethyl phthalate 84-66-2 19 
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380000 

20000000 
5300 

8200000 
2000000 

29000 
7200 
4000 

20000000 

'.·· .. > < ... · 
1000000 
9200000 
310000 
120000 
NSL 

10000000 
260000 
310000 

2000000 
200000 
200000 
100000 

8200000 
510000 
410000 
5100000 

6400 
410000 
510000 

6100000 
6100000 

31000000 
3900 
390 

3900 
3100000 

39000 
2600 

200000 
140000 
390000 

390 
100000 

82000000 



SW8270D 

SW8270D 
SW8270D 

SW8270D 
SW8270D 
SW8270D 

SW8270D 
SW8270D 
SW8270D 

SW8270D 

SW8270D 

SW8270D 
SW8270D 

SW8270D 
SW8270D 

Notes: 

Table D-16 
Cristal USA Facility 

Analytical Services Soil Summary Table 

206-44-0 

Fluorene 86-73-7 

Hexachloro-1,3-butadiene 87-68-3 

Hexachlorobenzene 118-74-1 

Hexachlorocyclopentadiene 77-47-4 

Hexachloroethane 67-72-1 

Indeno[ I ,2J-c,d]pyrene 193-39-5 

Isophorone 78-59-1 

Naphthalene 91-20-3 

98-95-3 

621-64-7 
86-30-6 

87-86-5 

85-01-8 
Phenol I 08-95-2 

Pyrene 129-00-0 

pH 

4100000 

3.7 4100000 

3.8 37000 

3.8 1800 

19 610000 

19 200000 

3.7 3900 

19 3000000 

3.7 2000000 

38 51000 

3.8 410 

19 580000 

19 24000 

3.7 31000000 

3.8 31000000 

3.7 3100000 

MOE Non-Residential Soil - Maryland Dept. of Environment June 2008 residential cleanup standards for soil 
mg/kg= milligrams per kilogram 
µg/kg = micrograms per kilogram 
pCi/g= picocurie per gram 
pg/g = picogram per gram 
NSL = No Screening Level 

PCBs -=olychlorinated Biphenyls 

PPL Metals = priority pollutant list metals 
SVOCs = Semivolatile organic compound 

TPH = Total petroleum hydrocarbons 
VOCs= Volatile organic compound 
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Table D-17 
Cristal USA Facility 

Analytical Services Water Summary Table 

SW1613B 12.3.4.6.7 8-heotach!orodibenzofuran 67562-39-4 46 NSL 
SWl613B 1.2,3. 4,6, 7 ,8-heotachlorodibenzo-o-dioxin 35822-46-9 46 NSL 

SW1613B 1,2,3, 4. 7 ,8, 9-heptachlorodibenzofuran 55673-89-7 46 NSL 
SW16!3B 12,3,4. 7 ,8-hexachlorodibenzofuran 70648-26-9 46 NSL 

SW1613B 1,2,3 ,4, 7 ,8-hexachlorodibenzo-o-dioxin 39227-28-6 46 NSL 

SWl613B ! ,2,3,6, 7,8-hexachlorodibenzoforan 57117-44-9 46 NSL 

SWl613B 1.2.3.6, 7 ,8-hexachlorodibenzo-p-dioxin 57653-85-7 46 NSL 

SWl613B 1,2,3, 7 ,8, 9-Hexachlorodibcnzofuran (I-IxCDF) 72918-21-9 46 NSL 

SWl613B 1,2,3, 7 .8, 9-hexachlorodibenzo-p-dioxin 19408-74-3 46 NSL 

SWl613B 1,2,3. 7 ,8-pentachlorodibenzof uran 57117-41-6 46 NSL 

SW1613B 1.2,3. 7 .8-oentachlorodibenzo-o-dioxin 40321-76-4 46 NSL 

SWl613B 2.3. 4. 6. 7. 8-hcxachl orod ibenzofuran 60851-34-5 46 NSL 

SW16138 2,3 ,4, 7 ,8-nentachlorodibenzoforan 57117-31-4 46 NSL 

SWl613B 2.3. 7 .8-tctrach!orodibenzodioxin 1746-01-6 9.2 NSL 

SWl613B 2.3. 7 .8-tetrachlorodibenzoforan 51207-31-9 9.2 NSL 

SWl6!3B OCDD (octachlorodibenzo-4-dioxin) 3268-87-9 92 NSL 

SWl613B OCDF (octachlorodibenzofuran) 39001-02-0 92 NSL 

Pl'L l\'.llil1II( 
.... ' ... --, .... ------ '"--\··",--.--.,:"--- _",t:--· -- . _ _,:: ,' ··,: .. -·- ·- --- ,_ .. -... _. ... . . ------ -- ---:_-_<·/:-- . -: --------- .' . ; . .- ;'· . : . . -: : ----: :: 

SW6020A Aluminum 7429-90-5 30 50 

SW6020A Antimony 7440-36-0 2 6 

SW6020A Arsenic 7440-38-2 I 10 

SW6020A Barium 7440-39-3 Ill 2000 

SW6020A Beryllium 7440-41-7 I 4 

SW6020A Cadmium 7440-43-9 I 5 

SW6020!\ Calcium 7440-70-2 100 NSL 

SW6020A Chromium 7440-47-3 2 100 

SW6020A Cobalt 7440-48-4 05 NSL 

SW6020A Copper 7440-50-8 2 1300 

SW6020A Iron 7439-89-6 50 300 

SW6020A Lead 7439-92-1 1 15 
SW6020A Magnesium 7439-95-4 100 NSL 
SW6020A Manganese 7439-96-5 5 50 

SW6021lA Nickd 7440-02-0 I 73 

SW6020A Potassium 7440-09-7 100 NSL 

SW6020A Selenium 7782-49-2 5 50 

SW6020A Silver 7440-22-4 I 100 

SW6020A Sodium 7440-23-5 100 NSL 

SW6020A Thallium 7440-28-0 1 2 

SW6020A Vanadium 7440-62-2 I 3.7 

SW6020A Zinc 7440-66-6 5 5000 

SW747DA Mcrcur) 7439-97-6 0.2 0.37 

PCB•~ . .. ·· . . . -· ---'- :: .· ...... .-.··_:_:·."- ·- ----- . .- -· -· :>: . .. ··.' < .. · ... 

SW8082A Aroclor IO! 6 12674-11-2 0.0094 0.96 

SW8082A Aroclor 1221 11104-28-2 0 0094 II 5 

SW8082A Aroclor 1232 11141-16-5 0.0094 0.5 

SW8082A Aroclor 1242 53469-21-9 0.111194 0.5 
SW8082A Aroclor 1248 12672-29-6 0.0094 0.5 

SW8082A Aroclor 1254 11097-69-1 0 0094 0.5 

SW8082A Aroclor 1260 11096-82-5 0.01194 0.5 

SW8082A Polychlorinated B1phenyls 1336-36-3 0.0094 0.5 
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Table D-17 
Cristal USA Facility 

Analytical Services Water Summary Table 

SW8260C LI.I-trichloroethane 71-55-6 I 200 

SW8260C ! . 1.2,2-tetrachloroethane 79-34-5 I 0.053 

SW8260C I, 1,2-trichloroethane 79-00-5 I 5 

SW8260C I. l-dichloroethane 75-34-3 I 90 

SW8260C l, 1-dichloroethene 75-35-4 I 7 

SW8260C l , 2-D ibromo-3-chloropropane 96-12-8 I NSL 

SW8260C 1,2-dibromoethane I 06-93-4 I 0.05 

SW8260C 1,2-dichloroethane 107-06-2 I 5 

SW8260C 1.2-dichloroethene 540-59-0 I 5.5 

SW8260C l ,2-d1chloropropane 78-87-5 t 5 

SW8260C 2-hutanone 78-93-3 5 700 

SW8260C 4-meth y 1-2-pentanone 108-10-1 j 630 

SW8260C Acetone 67-64-1 5 550 

SW8260C Benzene 71-43-2 I 5 

SW8260C Bromodichloromethane 75-27-4 I 80 

SW8260C Bromofonn 75-25-2 I 80 

SW8260C Bromomethane 74-83-9 I 0.85 

SW8260C Carbon disulfide 75-15-0 I 100 

SW8260C Carbon tetrachloride 56-23-5 I 5 

SW8260C Chlorobenzene I 08-90-7 I 100 

SW8260C Chloroethane 75-00-3 I 3.6 

SW8260C Chloroform 67-66-3 I 80 

SW8260C Chloromethane 74-87-3 I 19 

SW8260C cis-12-dichloroethene 156-59-2 l 70 

SW8260C cis-1,3-dichloropropene 101161-01-5 l 044 

SW8260C Dibromochloromethane 124-48-1 l 80 

SW8260C Ethyl benzene l 00-41-4 l 700 

SW8260C lsopropylbenzene 98-82-8 I 66 

SW8260C Methyl tert-butyl ether 1634-04-4 I 20 

SW82611C Methylene Chloride 75-09-2 I 5 

SW8260C Styrene I 00-42-5 l 1011 

SW8260C T etrachloroethene 127-18-4 l 5 

SW8260C Toluene l 08-88-3 l 10011 

SW8260C trans-1,2-dichloroethene 156-60-5 l 100 

SW8260C trans-1,3-dichlorooropene 10061-02-6 I 0.44 

SW8260C Trichloroethene 79-01-6 l 5 

SW8260C Vinyl chloride 75-01-4 I 2 

SW8260C Xylenes. Total 1330-20-7 3 100011 

S:V~r:;··· 
l~ 

•• > 

SW8270D 1.2, 4-trichlorobenzene 70 

SW8270D 1.2-dichlorohenzene 95-50-1 0.93 600 

SW8270D 1.3-dichlorobenzene 541-73-1 0.93 1.8 

SW8270D 1.4-dichlorobenzene l 06-46-7 0.93 75 

SW8270D 2.2-oxybis( 1-chloropropane) 108-60-1 0 93 NSL 

SW8270D 2. 4.5-trichlorophenol 95-95-4 0.93 370 

SW8270D 2,4,6-trichlorophenol 88-06-2 0 93 6.1 

SW8270D 2,4-dichlorophenol 120-83-2 0.93 11 

SW8270D 2.4-dimethylphenol 105-67-9 0.93 73 

SW8270D 2,4-dmitrophenol 51-28-5 4.6 7.3 

SW8270D 2, 4-dinitrotoluene 121-14-2 0.93 7.3 

SW8270D 2.6-dmitrotoluene 606-20-2 0.93 3.7 
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Table D-17 
Cristal USA Facility 

Analytical Services Water Summary Table 

~~ ~ )~epg):lf~gJSi~it i 
SW8270D 2-chloronaphthalene 91-58-7 0.19 

SW8270D 2-chloropheno! 95-57-8 0.93 

SW8270D 2-methylnaphthalene 91-57-6 0.19 

SW8270D 2-methylnhenol 95-48-7 0.93 

SW8270D 3 .3-dichlorobenzidine 91-94-1 0.93 

SW8270D 4-chloroanilinc 106-47-8 0.93 

SW8270D 4-methylphenol I 06-44-5 0.93 

SW8270D Acenaphthene 83-32-9 I) !9 

SW8270D Acenaohthylenc 208-96-8 0.19 

SW8270D Anthracene 120-12-7 0 19 

SW8270D Benzo[ a]anthracenc 56-55-3 0.19 
SW8270D Benzo[ aJpyrcne 50-32-8 0 19 

SW8270D Benzo[b ]fluoranthcne 205-99-2 0.19 

SW8270D Benzo[g.h. i]perylene 191-24-2 0 19 

SW8270D Benzo[k ]fluoranthene 207-08-9 0.19 

SW8270D Bis(2-chloroethyl) ether 111-44-4 0.93 

SW8270D Bis(2-cthylhexyl) phthalatc 117-81-7 1.9 

SW8270D Carbazole 86-74-8 0.93 

SW8270D Chryscnc 218-01-9 0.19 

SW8270D Dibenz[ a,h ]anthracene 53-70-3 0.19 

SW8270D Oibenzofuran 132-64-9 0.93 

SW8270D Diethyl phthalate 84-66-2 0.93 
SW8270D D1-n-butyl phthalate 84-74-2 0.93 

SW8270D Fluoranthenc 206-44-0 0.19 

SW8270ll Fluorene 86-73-7 0.19 

SW8270D Hcxachloro-1.3-hutadiene 87-68-3 0.93 

SW8270D ~ !exachlorohenzcne 118-74-1 0.93 

SW8270D 11 ex a chi orocy do pen tadiene 77-47-4 0.93 

SW8270D f !exachloroethane 67-72-1 0.9) 

SW82711D lndenol 1.2.3--:.d Joyrcnc 193-39-5 0 19 

SW8270D Isophoronc 78-59-1 0.93 

SW8270D Naphthalene 91-20-3 0.19 

SW8270D . Nitrobenzcne 98-95-3 1.9 

SW8270D N-n i trosodi-n-propy I amine 621-64-7 0.93 

SW8270D N-nitrosodiphenvlamine 86-30-6 0.93 
SW8270D Pentachlorophenol 87-86-5 0.93 

SW8270D Phenanthrene 85-01-8 0 19 

SW8270D Phenol I 08-95-2 0 93 

SW8270D Pyrene 129-011-0 019 
; / ';:<; :··:>§:-;:;:.: .. i .<. -:-· .-<_:::?- -;/.'.' -':."/ ·::_ .. .-:-:---: ':/>:--.' .. :_-:. ·: .: ::.- _;:. :..:- -- ;;< .. 

·.• -· -_._.-;. _:_.--;:_:/:..:::·:: "'-

SW9040C pl-I PH 0 I 

Notes 

CAS - Chemical Abstracts Service 

~~Jt~Jlii,~'.il~ 
49 

3 

2.4 

180 

0.15 

15 

18 

37 

37 

180 

0.2 

0.2 

0.2 

18 

OJ 
0.0096 

6 

3.3 
3 

0.2 
3.7 

2900 

370 

150 

24 
0.86 

I 

50 

48 

0.2 

70 

0.65 

0.35 
0.0096 

14 

I 

180 

1100 

18 

>••· •;;<;;;;; ;<;;;;. 

NSL 

MDE Groundwater """'Maryland Dept. of Environment June 2008 cleanup standards for GW. type I and II aquifers 

NSL - No Screening Level 

~tg/1 - micrograms per liter 

pg/I - picogram per liter 

PPL Metals - priority pollutant list metals 

TPJ-1 - Tota! petroleum hydrocarbons 

SVOCs - Semi-volatile organic compound 

VOCs - Volatile organic compound 
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Area I 

Batch Attack Basm 

Batch Attack Basin 

Batch Attack Basin 

Batch Attack Basin 

Batch Attack Basm 

atch Attack Basin 

atch Attack Basin 

~ch AOack Basia 
ch Auack Basin 

ch Attack Basin 

East-Central Cp!and 

East-Central Upland 

East-Central Unland 

Eas1-Centra! L'pland 

Eas1-Central Upland 

East-Central Upland 

East-Central Upland 

East-Central l 1pland 

East-Central Upland 

East-Central Unland 

East-Central Ln!a11d 

East-Central Lpland 

East-Central Upland 

East-Central Upland 

East-Central Unland 

East-Central Upland 

East-Central Upland 

East-Cemral Upland 

Eas1-Central Upland 

East-Central l:pland 

East-Central Cpland 

East-Central l:n!and 

East-Cen1ral L'pland 

f:ast-Cemral Unland 

East-Central L'pland 

East-Central t:pJand 

East-Central Upland 

East-Central Upland 

East-Cemral t:pland 

Eas1-Cemral Upland 

East-Central Upland 

East-Central Upland 

East-Cemral Upland 

East-Central Unland 

East-Central Upland 

East-Central L'nland 

East-Central Lpland 

Lower Settling Basin 

lower Settling Basin 

Lower Set1lrng Basin 

Lower Sett!ini,?. Basin 

Lower Settling Basin 

Lower Settling Basrn 

Lower Settlmg Basin 

Lower Senling Basin 

Lower Settlmg Basin 

Lower Settlrng Basin 

Lower Settlin' Basin 

lower Settlin ' Basin 

lower Settling Basrn 

Lower Settlmg Basin 

TABLE 5-1 

SAMPLE LOCATIONS EVALCATED FOR EACH AREA !N THE RISK E\'ALCA!TON 

CRISTAL CSA FACILITY 

Media I Sample Name I Parent Samrle I Stan Depth I End Denth 

Bu1d1 Attuck Ba.l'in 
BB-OIS 0 0.5 

BB-025 0 0.5 
BB-035 0 05 

BB-04S 0 0 5 

BB-04 0-0.5 0 0 5 
Surface Soil 

BB-05S 0 0 5 

B8-06S 0 0.5 

88-075 0 05 

EB-OBS 0 0.5 

FD-1-04022015 BB-OBS-040220 J 5 0 0.5 

Eust Central 
SB-24 8-10 8 10 

SB-28 2.5-4.55 2.5 455 

SB-32 2-4 2 4 

Dl'.P-1 SB-36 9-l 1-033020!5 9 II 

SB-33 13-15 13 15 
SB-34 !2-14 12 J4 

DL1P-l3 SB-34 l 2-14-04072015 12 14 
SB-35 9-11 9 11 

Subsurface SB-40 8-10 8 to 

Soil SB-41 13-15 13 15 
SB-42 5-7 5 7 
SB-43 4-6 4 6 

DUP-09-040320 I 5 SB-43 4-6-04032015 4 6 

SB-44 8-10 8 tO 

SB-45 2-4 2 4 
SB-47 7-9 7 9 

SB-52 !3-15 13 15 
SB-61 4-6 4 6 

SB-24 0-2 0 2 
SB-28 0-2 0 ' DLP-08-04032015 SB-32 0-2-04032015 0 --
SB-32 0-2 0 2 
SB-33 0-2 0 2 
SB-34 0-2 (t 2 
SB-35 0-2 0 ' DLP-12 SB-35 0-2-04072015 0 ' SB-40 0-2 0 2 

Surface Soil SB-41 0-2 0 2 
SB-42 0-2 0 ' SB-41 0-2 0 2 
SB-44 0-2 0 ' SB·45 0-2 0 2 
SB-47 0-2 0 2 

SB-52 0-2 0 ' SB-56 I 8 -- --
SB-56 0-2 I) 2 
SB-61 0-2 0 ' L1,wer Busin 

Dl'P-22 LB-02 8- l 0-041620 ! 5 8 10 
LB-G2 8-10 8 JO 

Subsurface LB-G3 8-10 8 10 
Soil DCP-21 LB-04 6-8-04162015 6 8 

LB-04 6-8 6 8 

LB-05 6-8 6 8 

LB-01 0-2 0 2 
LB·03 0-2 0 ' LB-04 0-2 0 2 

Surface Sot! 
Dt:P-1 S LB-05 0-2-04092015 0 2 

LB-05 0-2 0 ' LB-06S 0 0.5 

LB-07S 0 0.5 

LB-08S 0 05 
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Denth lJnits Sample Date 

ft 4..'J/2015 

fl 4/J:2015 

ft 4,T2015 

fl 4:3'2015 

fl. 4.'1:'2015 

ft 4/2.'20!5 

fl 4/2,'2015 

ft 4,'2/2015 

ft 4/2/2015 

ft 4.2/2015 

ft 4:'7/2015 

ft 4/3/2015 

ft 4,'J.'2015 

fl 3/30/2015 

ft 4:'3/2015 

ft 4:'7/20!5 

ft 4/7/20] 5 

fl 4.7/2015 

fl 4/3:'2015 

fl 4"3.·2015 

fl .f.3·'2015 

ft 4·'3.'2015 

ft 4-'3.'2015 

ft 4/3/2015 

ft 4!7.'2015 

fl 4'7/2015 

fl 4 '7/2015 

ft 4:'3..'2015 

ft 4/7/2015 

ft 4:'3-'2015 

ft 4·'3'2015 

ft 4,3/2015 

ft 4,3.'2015 

ft 4.7/2015 

ft 4·'7/2015 

fl 4/7.:20!5 

ft 4,'3.:2015 

fl 4 '3-'2015 

Ji 4:'3.:2015 

ft 4 . .Ji2015 

Ji 4 ].:2015 

ft 4-'7-'20!5 

fl. 4 '7-'2015 

ft 4_.7_:2015 

-- 4.7/2015 

ft 4-'7-'2015 

ft 4-'3:'2015 

ft 4/!6:'2015 

ft 4/!6:'2015 

ft 4-'16-'2015 

ft 4,16/2015 

ft 4, ]6/2015 

ft 4 '!6:'2015 

fl 4:9/2015 

ft 4 9·2015 

ft ,J .. 9'2015 

ft 4/9:'20!5 

ft 4/9,2015 

ft 4.-2.:2015 

ft 4 '2.'2015 

ft 4·2/2015 



Area 

Landfill 

Landfill 

Landfill 

Landfill 

Landfill 

Landfill 

Landfill 

Landfill 

Landfill 

Middle Settling Basin 

'.vhddle Settling Basin 

Middle Settlmg Basin 

Middle Settlmg Basin 

t-...tiddle Seulmg Basm 

Middle Settling Basin 

Northwest Upland 

Northwest Upland 
Northwest Upland 

:,.;onhwest Upland 

Northwest Upland 

Northwest l'pland 

Northwest Upland 
~orthwest Upland 

Northwes1 llnland 

Northwest l:pJand 
Northwest Upland 

Northwest Upland 

Nln1hv.cs! Uoland 

Nm1hwest Cnland 

Nortlmcst L'.pland 

Northwest L'pland 

Northwest L'pland 
Northwest Upland 

;,,;orthwcst Cp!and 

Northwest Upland 

1'.onhwest Lp!and 

Northwest Unland 

:\orthwcst L:pland 

Northwest L'pland 

Northwest L'pland 

Northwest L'p!and 
Northwest L'pland 

Northwest Lpland 

Northwest Upland 

Northwest Upland 

Northwest Upland 
Northwesl Lipland 

Northwest Upland 

Northwest Upland 
Northwest Unland 

Northwest Upland 

TABLE 5-1 

SAMPLE LOCATIONS EVALUATED FOR EACH AREA IN TllE RISK EVALUAITON 

CRIST AL USA FACILITY 

Media I Sample Name Parent Samr. le Start Depth I End Deoth 

la11djill 
LF-04 0-2 0 2 
LF-05 0-2 0 2 
LF-06 0-2 0 2 
LF-07 0-2 0 ' LF-08 0-2 0 ' LF-09 0-2 0 ' LFl00-2 0 ' DliP-20 SB-60 0-2-04102015 0 ' SB-60 0-2 0 2 

Jfid,fle Ba.rill 
MB-O!S 0 0.5 
tvl8-02S 0 0.5 
MB-03S 0 0.5 

l'IIB-04S 0 0.5 

FD-3-040320 15 MB-05S-040320! ~ 0 0.5 
MB-05S 0 0.5 

i\iort/1 We.It 

SB-01 13-15 13 15 
Dl'P-02 SB-02 !-3-033!2015 I J 

SB-02 !-3 I J 
SB-02 13-15 13 I 5 

Dl'P-06 SB-03 !-3-04022015 I J 
SB-03 !-3 I J 
SB-04 l-3 I J 

SB-04 13-15 13 15 
SB-05 13-15 I) 15 

Subsurface 
S8·06·!3-!5 \) 15 

Soil 
SB-07 !3-15 I) 15 

SB-08 6-8 6 8 
Sb-O'J 8-10 8 10 
SB-10 L'l-15 \) 15 
SB-11 !3-15 I) 15 
SB-12 !3-15 [3 !5 
SB-13 !3-15 13 " SB-14 4-6 ' 6 

Dt'P-19 SB-15 !3-!5-04102015 13 15 
SB.JS 13-15 I 3 15 
SB.\6 7-9 7 9 

SB-01 0-2 (I 2 
SB-05 0-2 0 2 
SB-06 0-2 0 ' SB-07 0-2 0 ' DUP-!4 SB-08 0-2-040720!5 0 ' SB-08 0-2 0 ' SB-09 0-2 (I 2 

Surface Sod SB-100-2 (I 2 
SB-1 ! 0-2 0 2 
SB-12 0-2 0 2 
SB-13 0-2 (I ' SB-14 0-2 0 ' SB-15 0-2 0 ' SB-16 0-2 0 ' SB-17 0-2 0 ' 
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Demh Units Sample Date 

ft 4/9/2015 

ft 4/13/2015 

ft 4,'13/2015 

ft 4/7/2015 

ft 4/6/2015 

ft 4!7/201 S 

ft 4/J/2015 

ft 4/!0/2015 

ft 4/!0/2015 

ft 4-T2015 

ft. 4,"3/2015 

ft 4/J!20l5 

ft 4,'1'2015 

ft 4 J.:2015 

ft 4:'3:''2015 

ft J.'3!-'2015 

ft J,'3!.'2015 

ft J/3!'2015 
r, 3/31-'20!5 

fl 4-'2:'2015 
r, 4/2.'20! 5 

ft 4/2 '2015 

" 4:'2/2015 

ft. 4 . .'212015 

II 4:'2/20! 5 

ft 4'7/2015 

" 4:7:2015 

ft 4.'7/20! 5 

ft J.'30-'20!5 

ft 3/31/2015 

n 3:'3 t:2015 

n 4:10/20!5 

ft 4il0'20!5 

ff 4/10.'20!5 

ft 4. !0'20!5 

ft 4'7·'201 S 

fl 3'3\/20!5 

ft 4/2/2015 

n 4.'2-'20! 5 

ft 4 '7i2(}!5 

ft 4.'712015 

ft 4/7/20!5 

n 4.'7 .'20 l 5 

ft 3/30/2015 

ft 3.'3 \/2015 

n 3!31/2015 

ft 4 '\():'2015 

ft 4 ·10.·2015 

ff 4/J0:'201 <; 

ff 4'7/2015 

II 417/2015 



~" I 

outh t:pland 

South Upland 

South Upland 

South Upland 

South Upland 

South Cpland 

South Upland 

South Unland 

South Upland 

South Upland 
South Upland 

South Upland 
South t:pland 

South Lpland 

South Upland 

South Upland 

South Upland 

South Uoland 
South Upland 

South Upland 

South Unland 

South l'pland 

South t:pland 

Spen1 Solvent Storage 

Spent Solvent Storage 

Spent Solvent Storage 

Spent Solve!\\ Storage 

Spent Solvent Storage 
Spem Solvent Storage 

Snen! Solvent Storage 
Spent Solvent Storage 

Spent Solvent Storage 

Spent Solvent StoraPe 

Spent Solvent Storage 

Spent Solvent Starace 
Spe!11 Solvem Storage 

Spent Solvent S1orage 

Spent So!ven1 Stornce 

Former Titanium Ore Storage 
Former Titanium Ore Storage 

Fonner Titanium Ore Storage 

Fornier Titanmm Ore Storage 

Fonner Titamum Ore Storage 

Fonner Titanium Ore Storage 

Former T1tamum Ore Storage 

Fonnei Tnamum Ore Storage 
Fonner Titanium Ore Storage 

Former Titanium Ore Storage 

Fonner Titanium Ore Storage 

Fornier Tllamum Ore Storage 

Fornier Titanium Ore Storage 

Fonner Titanrnm Ore Storage 

Fonner Titamum Ore Storage 
Fonner Tllanium Ore Storage 

Former Titanium Ore Storage 

TABLE 5-1 

SAMPLE LOCATJONS E\'ALUATED FOR EACH AREA IN THE RISK EVALUAITON 

CRISTAL l 1SA FACILITY 

Media I Samrle Name I Parent Samnle I Stan Denth I End Depth l Depth Units I 

South 
SE-46 8-10 8 10 ft. 

SB--48 !3-15 13 15 ft 
SB--49 4-6 4 6 ft 
SB-50 4-6 4 6 ft 
SB-51 3-5 3 5 fl 

Subsurface SB-53 5.7 5 7 ft. 
Soil DUP--17 SB--54 l l-13-04092015 II 13 fl 

SB--54 I 1-13 JI 13 Ii 
SB-55 6-8 6 8 f1 

SB-57 4-6 4 6 Ii 
SB--58 J l-!3 II D ft 

SB-59 4-6 4 6 fl 
SB-46 0-2 0 2 ft 
SB-48 0-2 0 2 fl 
SB--49 0--2 0 2 ft 
SB--50 0--2 (I 2 fl 
SB--51 0-2 (I 2 Ii 

Surface Soil SB-53 0-2 0 2 fl 
SB-54 0-2 0 2 fl 
SB-55 0-2 0 2 fl 
SB--57 0--2 0 2 ft 
SE-58 0-2 0 2 fl 
SE--59 0-2 0 2 ft 

Spent Sofi,ent Storage (Fomse Area B) 
SB-2:i 1-:i I .1 ft 
SB-23 4-6 4 6 fl 
DL'P--07 SS·O l 6-8-04022015 6 8 fl 

SS--0! 6-8 6 8 ft 

Subsurface 
SS--02 13-!5 JJ 15 fl 

Sm! 
SS-03 4-6 4 6 fl 

SS-04 13-15 13 l 5 fl 
SS-05 1-3 I ·' ft 
SS-05 6-8 6 8 ft 
SS--06 !--3 I .1 fl 
SS--06 5- 7 5 ' ft 
SS-01 0-2 0 2 fl 
SS-02 0-2 (I 2 ft 
SS-03 0-2 0 2 ft 
SS--04 0-2 (I 2 I\ 

Former Titu11i11m Ore Staruge (fi.1c11.I -frea A) 
TS-02 13-15 13 15 I\ 

DL1P-15 TS-04 8-1 0-040820 ! 5 8 10 ft 
Subsurface TS-04 8-10 8 I 0 ft. 

Soil TS--06 !3--15 13 15 ft 
TS-07 4-6 4 6 Ii 

TS--0813-15 !3 15 ft 
TS-OJ 0-2 (I 2 ft 
TS-02 0-2 (I 2 fl 
TS--03 0-2 0 2 fl 
TS-04 0-2 (I 2 ft 
TS--05 0-2 0 2 ft 
TS--06 0-2 0 2 fl 
DUP-!6 TS--07 0-2--04082015 0 2 I\ 

TS-07 0-2 0 2 fl 
TS-08 0--2 0 2 ft 
TS-09 0-2 0 2 ft 
TS--100-2 (J 2 ft 

Page 3 of 5 

Samnle Date 

4/8/2015 

4/8/20! 5 
4:'8/20!5 

4/10/2015 

4/10/2015 
4/8.'2015 

4/9/2015 

-f/9/2015 

4/9,'2015 

4-'912015 

4/9/2015 
4..-9:'2015 

4/8/20! 5 

4/8/2015 

4/8:2015 
4/10/2015 
4..-10.@15 

4/8/20!5 

4/9/2015 
4/9/2015 

4/9/2015 
4.-9,12015 

4/9:2015 

0/2015 

4:'3/2015 

4'2i2015 
412/2015 

4,.-!0:'20]5 

4/JQ/2015 

4/10·'2015 
4/2.,'2015 

4/2/2015 

4/2/2015 
4:'2-'2015 

-1'2/2015 

4..-10/2015 
4, J0-'20! 5 

4i!Q:'2015 

4/8.'2015 

4/82015 

4.'8/2015 
4."8,'2015 

4'8.'20!5 

4/8.:2015 

4,8.-'2015 

4:'8/2015 
4·g:2015 

4/8.'20!5 
4.'812015 

4 '812015 

4."8'2015 

4/8:'20!5 

4:'8/2015 
4,8,'2015 

4.'8,'2015 



TABLE 5-1 

SAivlPLE LOCATIONS EVALUATED FOR EACH AREA IN THE RISK EVALL'AITON 

CRIST AL USA FACILITY 

Area I Media Sample Name Parent Sample I Start Depth End Depth I Depth Units 1 Sample Date 

l'pper Btl.\'in 
Upper Settling Basin lJB-01 5-7 7 ft 4/J/2015 

Upper Sett!in!! Basin UB-02 3-5 ft 4/1/2015 

Unner Sett!in!! Basin Subsurface l!B-03 3-5 5 ft 4/112015 

Upper Seuhng Basm Soil UB-04 2-4 4 ft 4/1/2015 

lipper Sen!ing Basin L'B-05 13-15 13 15 ft 4/1/2015 

Upper Settling Basm Dt:P-05 UB-05 !1-!5-040120!5 13 15 ft 4/1/2015 

Upper Settling Basm DL1P-04 UB-01 0-2-040120!5 lJ 2 ft 411/20!5 

Upper Settling Basm UB-01 0-2 0 2 ft 4/1/2015 

Upper Se!l!ing Basrn liB-02 0-2 lJ 2 ft 4/1/20!5 

Upper Settling Basrn LB-03 0-2 lJ ft 4/J/2015 

Upper Settling Basin Surface Soil UB-04 0-2 0 2 ft 4/1/2015 

Upper Selt!ing Basin UB-05 0-2 lJ ft. 4/J/20! 5 

Upper Settling Basin UB-06S 0 0.5 ft 4/L'2015 

L1pper Settling Basin UB-07S 0 0.5 ft 4.'l/20] 5 

Upoer Scttlin!! Basin LlB-08S 0 05 ft 4/1/20]5 

Wa.,·te Add Ne11tr1iliwtirm (Foell.\' Are" C) 
P\VANISWAN AN-OJ !-3 ' ft 4/6/2015 

PWAN/SWAi\ AN-01 11-l.1 11 13 ft 4/6/2015 

PWANISWA~ Dl'P-IO AN-02 l .'>-3.5-04()62015 1.5 " ft 4/6.'2015 

PWAN/SWA:...; A!'-:.02 1.s.:.u 1.5 35 ft 4/6/2015 

PWAN!S\VAN AN-02 8-10 JO ft 4/6/2015 

P'NAN/SWAN At\-03 J.3 fi. 4/6,'2015 

PWANISWA:...; AN-03 9-11 9 JI n 4/6/2015 

PWAN,.SWA;'\ AN-04 6-8 8 ft 4/6 '2015 

PWAN/SWAN Subsurface ,\:-.;.os i.>-15 13 15 fi 4i6'20!5 

PW'AN/SWAN Soil A\i-06 !1-13 II 13 ti 4.'6/2015 

P\\'AN.'SW.·\'.'-i A:--.:·07 10-12 JO 12 ft 4.Y,/2015 

PW:\NiSWAN AN-08 !3-15 13 15 I\ 4:'6/20! 5 

PWANiS\VAi\ AN-09 J:l.-15 13 15 ft 4i6/20! 5 

PWAN.'SWAN DUl'-11 A'.\-!O 9-l l-04()620 l ~ 9 II ti 4.:6·2015 

PWANISWAN AN-10 1)-1 ! 9 II ti 4/6'2015 

PWAN/SWAN AN-I I 8-10 8 JO ti. 4'6/20!5 

PWAN.'S\VAN AN-!2 !3-15 n 15 ft 46-'2015 

PWANiSV.lAN AN-13 4-6 4 6 n 4.'6'20!5 

/'\\'AN'SWAN AN-04 0-2 lJ 2 ft 4:'6:'20! 5 

PW.-\N:SWAN AN-05 0-2 lJ I\ 4'6/2015 

PWAN/SWAN AN-06 0-2 0 2 ft 4,'6.'20! 5 

PWAN'SWAN A~-07 0-2 0 2 ft 4-'6'20!5 
PWAN:'SWAN AN-08 0-2 0 2 ft. H,/20!5 

PWAN 1S\VAN AN-09 0-2 0 It 4'6.,20!5 

PWANiSW:\N AN-10 0-2 0 2 ft 4,.'6.'20! 5 

PWAN/S\VAN AN-ll 0-2 lJ ft 4'6:'2015 

PWAN/S\\'Ai\ AN-12 0-2 I) 2 fi 4:'6/20! 5 

P\\'ANlSWAi\ At-:-13 0-2 0 ft 4/6/20!5 

Page 4 of 5 



"' I 

\'est-Cemral Upland 

Vest-Central Cpland 

West-Central Unland 
West-Central Uo!ai1d 

West-Central Upland 

West-Central L'i]and 

v.:est-Central Upland 

West-Central Upland 

West-Central Upland 

\\!est-Central Upland 

West-Central Upland 

West-Central Upland 
West-Central Unland 

West-Central Upland 
West-Central Cpland 

West-Central Upland 

West-Central Unland 

West-Central Upland 

West-Central Upland 
West-Central Upland 

West-Central Upland 
West-Central L;pland 

West-Central Lpland 

\\'est-Central Cpland 

Wes!-Centra! Upland 

West-Central Upland 
West-Central L'o!and 

Wes1-Central Upland 

West-Centrnl Upland 

West-Central Upland 

West-Central l.'pland 
West-Central Loland 

West-Central Cnland 

Wes1-Central Upland 

West-Central llpland 
West-Central t !pland 

West-Central Co!and 
West-Central L:pJand 
Wes1-Central t.:pJand 

TABLE 5-1 

SAMPLE LOCATIONS EVALCATED FOR EACH AREA IN THE RJSK EVAU;AJTO;,.;' 
CRISTAL LSA FACILITY 

\1edia I Sample Name I Parent Sa 

We.It Central 
OWS-01 13-15 13 

OWS-02 11-13 II 
OWS-03 13-15 l3 

DLP-03 OV.-'S-04 13-15-03312015 13 
O\\'S-04 13-15 13 

SB-18 13-15 13 
SB-19 10-12 10 
SB-20 9-l I 9 

SB-2! 13-15 13 

Subsurface SB-22 9-J ! 9 

Soi! SB-25 13-15 I 3 
SB-26 13-15 l3 

SB-27 6-8 6 

SB-29 8-10 8 

SB-30 9-11 9 

SB-31 13-15 l 3 

SB-36 9- ! I 9 
SB-37 13-15 13 
SB-38 !3-15 13 
SB-39 13-15 il 
OWS-0! 0-2 0 
0\\-5-02 0-2 0 
O\\·S-03 0-2 0 

O\\·S-04 0-2 (I 

SB-18 0-2 0 
SB-19 0-2 0 
SE-20 0-2 0 
Sl3-21 0-2 0 

SB-22 0-2 (I 

Surface Soil SB-25 0-2 0 
SE-26 0-2 0 
SB-27 0-2 0 
SB-29 0-2 0 

SB-30 0-2 0 
SB-3! 0-2 0 
SB-36 0·2 0 
SB-37 0-2 0 
SB-38 0-2 0 
SB-39 0-2 0 

Page 5 of 5 

h L'nits I Date 

15 ft J.'31,2015 

13 ft 3.'31/2015 

J5 ft 3/31/2015 

J5 ft 3-'31:'2015 

15 ft 3/31,2015 

15 ft. 3.'30,20!5 

12 ft 3/30/2015 

II ft. 3i30.'2015 

15 ft 3/30:'2015 

II ft 3..'3] '2015 

15 ft 3.'J0.'2015 

J5 ft 3·'30/20!5 

8 ft 3.'31/2015 

10 I\ 3-'30:2015 

JI ft 411/2015 

15 ft 4.T2015 

II ft 3:30/2015 

15 ft 4,'J/2015 

15 ft 4.'l/20!5 

15 ft 4·'1/2015 

2 ft 3·'3!!2015 

2 ft 3-'31 ... 2015 

2 ft 3/3)/2015 

2 ft 3'3]."2015 

2 ft 3.JQ.'2015 

2 ft 3.'30:'2015 

2 ft 3.:30·'20!5 

2 ft 3.'30,'2015 

2 ft 3.'3 l '2015 

2 ft YI0:2()15 

2 ft 3.'3()'2015 

2 ft 3..'3],'20!5 

2 ft 3.'30/2015 

2 ft 4'1:2015 

2 ft 4-'l ,2015 

2 ft 3-30'20!5 

2 ft 4:1 '2015 

2 I\ 4 '] '2015 
2 ft _j/] '2015 



fABLE 5-2-1 
SUMMARY STATISTICS FOR FORMER TITANIUM ORE STORAGE AREA SURFACE SOIL 

CRISTAL FACILITY L'SA 

,,..,,., :-.on· Locauon ot 
Residential Soil Mean Detected Maximum Detected I\1axnnum 

Chemical units Standard CNC Concentration Concentration Concentration 

1Hetul.\' 

Arsemc I ml'-'kC 3.0 I C I 3.1 5.9 TS-03 0-2 
Vanadium !lll!'kC 100 I NC I 130 9 440 TS-10 0-2 

PAIi.,· 
Benzo(a)ovrene I m ,/kc I 0.39 I C I 0.2 I 14 I TS-0! 0-2 

'.'iotes: 

I l Cancer mks arc calculated according to the following equation ( 95°,0l}CU\'l.'MDE Soil Standard)* 10 .,. 

2 l Noncancer hazards are calculated according to the followrng equatwn (95° ol.!CL'.\-1:'MDE Soil Standard J*O I 

:\JDE r-.-taryland Departmelll of the Environment 
mg'kg m1!hgrams per kilogram 
UCLM -" upper confidence limit on the mean 
PCOs -- Polychlorinated Biphenyls 
PAHs Polyaromatic 1-lydwcarbons 
C - Cancer endpoint 

NC O Noncancer endpomt 

Page I of I 

95%UCLM 

I 4 

I 265.3 

I ll 5 

Cumulatwe Results 

Noncancer 

Cancer Risks
1 Hazards~ 

1.3E-06 .. 
.. 0.27 

I l 2E-06 I .. 
2J,,-06 0.3 



TABLE 5-2-2 
SUMMARY STATISTICS FOR FORMER TITANIUM ORE STORAGE AREA. SUBSURFACE SOlL 

CRJST AL F AC!LITY USA 

MDE Non- Loca1ion of 
Res1dent1a! Soil Mean Detected Maximum Detected Maximum 

Chemical Unl15 Standard CINC' Concentra1ion Concentratwn Concemration 

AJetals 

rsernc I ml!ib.; I J 0 I C I 37 I 73 I TS~06 13-15 
Vanadium I nl!h'kg JOO I NC I !09.1 I 240 TS-07 4-6 

~otes: 

l J Cancer risks are cakulated accordmg to the fol!owmg equation r95%UCLM'MDE Soil Standard)* lff1
' 

2) Noncancer hazards arc calculated according to the followmg equation (95°/olJCLMiMDE Soi! Standard)""O ! 

MDE O Maryland Department ofthe En\'lronment 
mg/kg 0

• milligrams per kilogram 
UCLM ~ upper confidence Imm on the mean 
PCBs Polychlorinated Biphenyls 
PAHs Polyaromatic Hydrocarbons 
C Cance1 endpoint 
NC Nonrnncer endpoint 

Page l of l 

95%UCLM 

I 64 
184.7 

CumulatJw Results 

Noncanccr 

Cancer Risks 1 Hazards' 

I 2. lE-06 I .. 
.. 0.18 

0.2 



TABLE 5.3.J 

SUMMARY STATISTICS FOR SPENT SOL VENT STORAGE AREA. SURFACE SOIL 

CRIST AL FACILITY USA 

MDI: Non- Location of 

Residential Soil Mean Detected Maximum Detected Maximum 

Che1mcal units Standard C/NC Concentration Concentration Concentration 

Wietab· 

t.rscnic 
. I nw/kv: I 3.0 C '8 I 4.6 SS-0! 0-2 

PAH~ 

Benzo(a)pyrenc 
.. I Ill •/kg 0 39 C 0.5 I 11 SS-02 0-2 

Notes: 

! ) Cancer nsks an: calculated accordmg to the followmg equation (95°uUCLM.IMDE Soil Standard)* lff
1
' 

2) Noncancer hazards are calculated according to the following equation (95°,oUCLM,..MDE Soil Standard)*O 1 

3) 95°·oUCLM exceeds maximum conccntratmn. maxmimum 11scd as 95°nlJCLM 

MDE - Maryland Department of!he Envnonment 

mg/kg - milligrams per kilogram 

lJCLM ' upper confidence !nmt 011 the mean 
PCBs - Polych!onnated Bipheny!s 

PAils - Polyarnma!1c Hydrocarbons 

C Cancer cndpomt 

NC Noncanccr cndpom! 

Page I of! 

95%UCLM 

I 46 

I I.I 

( umulatne Results 

Noncancer 

Cancer R1sks
1 Hazards~ 

I l.5E-06 --

2 8E-06 --
0 



TABLE 5-3-2 
Sl'MMARY STATISTICS FOR SPENT SOLVE;";T STORAGE AREA. SUBSURFACE SOIL 

CRISTAL FAC'JL!TY LSA 

MDE \Jon- Location of 
Residential Sod !1.1ean Detected Maxunum Detected Maxumun 

umts Standard C/NC Concentration Concentration Concentration 

it'lCllllI 

rsemc ITTL!.'ki!: 3 0 C II SS-04 13-1~ 

ron m1.t1'ku 72.000 )\'(' :3.900 87.000 SS-04 13-15 

cad mu,1w !.000 453.4 4.300 SS-06 1-3 

anadmm llll.!''kil JOO NC 43 8 110 SS-04 13·15 
PAH.1· 

Benzo(a)ovrene I im•i'kl.' I 0.19 I C I 0 I I 04 I SS-01 6-8 

:\'01es: 

I ) Cancer nsks are calculated according to !he followmg equation ( 95~·<,t1CLM/J\lDE Soil Standard)* l O ·" 

2) l\'oncancer hazards are calculated accorduig to the followmg equ:mon (95%,lX'L!\.l:'l\,\DE Soil Standardl'O I 

;'dDE "J\fal)·land Dcpanment of the En\'ironment 

mg,'kg = milligrams per kilogram 
t.:cu, .. 1 upper confidcnc.: limll on the mean 

PCBs ~ Polychlonnatcd Biphenyb 
PAI-ls O Polyaromat1c Hydrocarbons 

C Cancer endpom1 
'.\C !\oncancer cndpomt 

Page I of 1 

95%,UCL!vl 

6 9 

43.621 

NA 
62 2 

I O I 

Cumulam·e Results 

l\'oncanccr 

Cancer R1sks
1 

Hazards" 

2.3E-06 - 11 

0.06 

0.06 

3 7E-07 

JF.-06 0.1 



TABLE 5-4-1 
Sl'MMARY STATISTICS FOR f'WANiSWAN AREA_ SCRFACC SOIL 

CRISTAL FAC!L!TY USA 

Chemical ur111s 

Ant1monv m•/ku 
Arsernc ml!/ku 

Chromium' m"'k• 

Lead 
Yanad,um m,'ku 

cnzo(a)anthracene m>ikl[ 

enzP( a )pvrenc ml!/ku 
Benzo(b in uoranthenc m,.:k<: 

D,benzo( a.h lanthrnce11e 

Nott's: 

MDE Non

Res1denha! Suil 

Standard C'NC 

41 NC 
30 (' 

310 NC 
l.000 
100 NC 

1 o C 
0 3'1 C 

_] I) 

019 (' 

Mean Detected 1
1
Max1mtun Detecied 

Concentration Conccntrauon 

Meta/., 
165 2 740 

31 3 220 

119.i 810 

805 5 7.100 
292 2 2.10(1 

PAIJ.1 
I 5 7 5 

I 1 
11, ().\ 

04 II 

l) Cancer mks me calcuiateJ accordrng lo the folio1,mg eqw1tl(ln {'15'-·,LTLr>.l.'t,tDE S,,,1 Standard)"! ff'' 

Locat,on or 

Maximum 

Concentration 

AN-12 0-2 
AN-06 0-2 

A:--:-060-2 
A\:-11 0-2 

A'.\-10 0-2 
AN-10 (l-2 
A)';-10 0-C 

AN-100-2 

:'.) Noncanccr hazards are calculated accordmg to the foilowmg equat,on (05%1 'CLM-'MDE Soil Standard1·0 l 
3) 95°.--,UcU,-1 exceeds maximum concentrat,on. maxm1mum used as 95°'0\.!CLM 
4) Source of Target Organ IRIS - Integrated Risk !nformat1\ln Svstcm 

\·lDE Marvland Department of the Environmcm 

mg/kg - m1lltgrnms per kilogram 

l!CLM upper confidence !m111 on the mean 
PCBs ~ Polvchlormatcd !::hphcnvls 

PAHs - Poly;,wma!1c l·hdrocarbons 
C - Cancer endpoint 

NC - Noncancer cndpomt 

Page I of I 

95%UCLM 

6::'.0 6 

123 5 

810 

NA 
800 .1 

'" 
07 

( um1datne Re,mlts 

Noncancer 

Cancer Risks
1 Hazards' 

l 5 
4 lE-05 

026 

0 80 

6 2E-07 

~ 7E-(17 

I 8C-06 

5E-05 

Total Hazard lndt'x Blood 
Tot1II Hazard Index H:iir 

T 

Blood 

NA 
NA 
Hau 

0.8 



TABLE 5-4-1 
Sl'lVD.1ARY STATISTICS FOR PWANiS\J,'AN AREA st:ssURFACE sou. 

CR!STAL FACILITY USA 

I I MuE Noe I I Locauon of 
Res,de,mal Soil Mean Detec:ed I Maximum Detec1edl Ma.\!ITIUITI 

Chemical umts Standard C/J\:C Concentra!lvn Concemrauon Concemrauon 

.Metaf.1· 

Am1monv ' I muikµ J 41 I NC I 126 4 I MO I AN-0813-15 
Arserni:: I mu'k' I 3 0 I C I 22 2 I 110 I A:-..'-061 l-!3 

Yanad,um I mt1/kor I 100 I NC I 59 6 I .HO I AN·07 l0-12 

i'io1es: 

l) Cancer risks are rnlculated according 10 the following cqmnwn (95° ,UCLJ\.l ·~1DF Soil Standard)" Id' 
2) Noncancer ba.rnrds are calcula!ed accurd111g to the following equa!wn ( 95°i,[ 'CLl\·!:l\·!DE Sod S1andard)'O I 

3) 95°/0UCLM exceeds maximum concemrat,011, max,mum used a, 95%!:CLl\1 
4J Source ofTarge1 Organ IR!S - Integrated Risk !nformatmn System 

\1DF = \laryland Department of the E,mronment 

mg.1:g - ,mll,grarns per k.Jog:ram 
l."CU,J upper confidence 1111111<1111be mean 

PCB,, Polychlorma1ed BJphenyls 

PAHs O Polvaromauc Hydroca,bons 

C '" Ca!lccr endpo,nt 
:,.:c Noncancer endpmnt 

Page I of I 

I 95%l'CLM 

I t,40 

I 58 3 

I 102 

( umulati,·e Resulls 

l,~mR,;J ;,.;oncancer 

Hazards" 

I 
I 

I 

I 16 

l 9E-05 I .. 
I O I 

2E-05 

Total Haurd lndu Blood 

Total Hazard lnde~ Hair 

I Target Organ' 

I Blood 

I .. 
I Ha,r 

0.1 



MDE Nun-
Res1dent1ai Soll 

Chemical urnts Standard 

Arsenic I l1l!.' 1k!! I 3 0 I 

Notes: 

TABLE 5-5 
SUMMARY STATISTICS FOR LANDFILL AREA 

CRISTAL USA FACILITY 

Location of 

Mean Detected Maximum Detected Maxunum 
C/NC Concentration Concentration Concentration 

,Hetu!.~ 

C I 3.4 I 51 LF-05 0-2 

1 ) Cancer risks are calculated accordmg to the following equation (95°-oUCLM.'MDE: Soil S1andard )* m'· 
2) Noncanccr hazards are calculated according to the following equation (95°-oUCLMIMDE Sml Standard)*O. ! 

MOE Maryland Department of the Environment 
mg-'kg m11!igrarns per kilogram 
UCLM - upper confidence limit on 1he mean 
PCBs ~ Polychlorimited B1pheny!s 
PAI-Is -- Polyaromatic Hydrocarbons 
C ~ Cancer endpoint 
NC - Noncanccr endpoint 

Page I of 1 

Noncancer 

95%UCLM Cancer Risks1 Hazards2 

43 I l 4E-06 I --
Cumulative Results IE-06 0 



Chemical um!s 

a\rsenic I m!.'/k!! 

TABLE 5-6-! 

Sl:t'v1.\1ARY STATISTICS FOR :-.JORTHWEST UPLAND AREA. SL'RFACE SOIL 
CRISTAL FACILITY L:SA 

!l:lDE :-.Jon- Location ot 

Residential Soil :'dean Detected Maximum Detected :vlaximum 

Standard C/NC Concenlrallon Concentration Concentration 

Metal.\' 

3.0 I C I 6 I 19 I SB-170-2 

95%UCLM 

87 

Cumulah\e Results 

~otes: 
I J Cancer risks are calculated according to the followrng equation (95':~l !CL1'·1 'MDE Soil Standard)* JO_, 
2 J ;\oncancer hazards arc calculated accordrng to the following equauon (95%l.'CLM 'MOE Soil Siandard i•o l 

;..JOE= Maryland Depanment ofthc En\'irornnt·m 
mg/kg,~ mill1gram5 per kilogram 
LCL:--.1 - upper confidence hmi1 on the mean 
P('Bs Po!ychlormated Biphenyls 
PAHs 0

·- Polyaroma1ic Hydrocarbons 
C ~ Cancer endpoint 
NC 0

• Noncancer endpoim 

Page I of I 

Noncancer 

Cancer Risks 1 Hazards' 

2.9E-06 I .. 
3E-06 0 



TABLE 5-6·2 
SUMMARY ST AT!STICS FOR NORTHWEST UPLAND AREA, SUBSURFACE SOIL 

CRIST AL FACILITY USA 

MDE r\Jon- Location of 
Residential Soi! Mean Detected Maximum Detected Maximum 

Chemical urnts Standard C/NC Concentration Concentration Concentration 

Metall' 

it' m>lkl! 3.0 C 4.4 18 SB-17 7-9 
UH(k, 72.000 NC 31689 !20.000 SB-02 !J-15 

,m m r/k!! 100 NC 54.7 180 SH-10 11-15 

Notes: 

I l Cancer risks are calculated according to the following equation (95"-olJCLM/MDE Soil S1andard )* l O"' 
2 l Nonumcer hazards arc calculated accordmg to the following equal it'll (95°-uUCLM/MDE Soil Standard)*() J 

MD1": Maryland Department of the Ennronment 
mglkg - milligrams per kilogram 
UCLM " upper confidence limit on the mean 
PCBs Polychlorinated Biphcnyls 
P/\Hs Polyaromat1c !-lydrucarbons 
C Cancer endpomt 
NC Noncancer cndpomt 

Page I of I 

95%UCLM 

6.3 
47,928 

79 4 

Cumulative Result~ 

Noncancer 

Cancer Risks1 
Hazards0 

2 IE-06 --
-- () ()7 

-- 0 08 

0.1 



TABLE 5-7-1 
SL'M'.\1ARY STATISTICS FOR WEST-CENTRAL CPLAND AREA, Sl'RFACE SOIL 

CRISTAL FACILITY USA 

MDE!\on- Location of 
Residential Sod l\foan Detected Maximum Detected l\1axunum 

Chemical units Standard C/NC Concentration Concentration Concentration 

,'Uetal\' 
A.rsenic I m~·lt! I 30 I C I 5.2 I 25 SB-39 0-2 
Vanadium I mo'ku I JOO I ~(' ! 79.3 I 320 SB-27 0-2 

Die.Id Run,:e Orgu11icJ 
ORO mc.'k!l 620 I :\C I 457.2 I 2,400 I O\VS-03 0-2 

PAH!.· 
Benzo(aJnvrene !l\t!,'kt! 0.4 C 0.1 I 04 I SB-36 D-2 

~otes: 

l ) Cancer mks are caku!a1ed according to the followrng equation ( 95°/ol 'CLl\tMDE Soil S1andard )* 1 (J" 

2) ~oncancer hazards are calculated according to the following eq1rn1ion (95"-ol.'CLl\1.'MDE Soil Standard )*0 1 

\1DE :'daryland Department ofthe Environment 
mg/kg 0

~ milligrams pe! ki!O!,'fil!ll 
L.1CLM 0

· upper confidence hmll on the mean 
PCBs Po!ychlonnated Btphenyls 
PAiis -- Polyaromauc Hydrocarbons 
C Cancer endpoint 
:-..:C O Noncancer endpornt 

Page J of 1 

95%,l'CLI\! 

I II 
I !09 

I l,299 

I 0.1 

(. umulati\-e Results 

:-.ioncancer 

Cancer R.isks
1 Hazards" 

I 3.7E-06 I .. 
I .. I 0.11 

I .. 0.21 

2.3E-07 I .. 

4[-06 0.3 



TABLE 5-7-2 

SL'MMARY ST1\T!ST1CS FOR WEST-CENTRAL UPLAND AREA. SUBSURFACE SOIL 

CRJSTAL FAC!L.ITY USA 

MDE Non- Locatmn of 

Residential Soal Mean Detected 11\a:rnnmn Detected Maximum 

Chemical umt, Standard C/NC Concentrallon Conccntratton Conccntrntlon 

il.fetaf.,· 

m,:'k\, 3 () C 15 14 SB-\') 10-12 

Chromium mc:'k" 310 NC 140 7 1.700 SB-~7 t>-8 

Man •anese m~,'k· 2.000 NC 288 8 \JOO SB-27 6-8 

Vmmdium m~·l:« 100 NC 307 6 6.000 SB-27 6-8 

Notes: 

I) Cancer nsks arc calculated aeconhng to the folk,wang equmwn {<l5%UCLM.-MDE Soil Standard)~ Id' 

21 :\on cancer hazards are c~lculated acco1d1ng to the folk1w1ng equauon (95'-oUCLM 'MDE So,I Standa1J 1•(1 I 

3) Source ofTar!(et Organ IR!S - !ntegrnted Risk Information Svstem 

),,!OE Maryland Department of1hc Env1romne11t 

mg·kg ·- mdligrams per kilogram 

t;CU,l upper contidencc limit on lhc mean 

PCBs ~ Polychlorinated B,phenvls 

P AHs Polvaromatl<.' I !1"dr,,ca1 l:,ons 

C -- Cancer endp,_>1nt 

NC,- Noncancer endpmnt 

P~ge l of l 

Noncancer 

<J5~0UCLl'\.·1 Cancer Risks
1 Hazard/ 

5) l 8E-O{, 

1.064 ()34 

3_059 0 15 

J.527 J 5 

( nmulatl'e Result, n-06 ' 
Total Hazard Index Centr,il Nen·nn~ Systen1 

Total lla:iard lndel liliir 

Target Organ ' 

NA 

Central Nervous Svsten 

I-lair 

0.2 
4 



Chemical U!lllS 

Antimonv m1.(ikc: 
i\rsemc m,,,l;,, 

Chromium m,ilkP 

Vanadium nw-'k,, 

ORO I m<>/kn I 

Benzof a Janthracene lll!!/kg 

BenzO{a)pvrene ITIL':'kC: 

Benzo(b )fl11oranthene mc:.'kc: 
Dibenzo( a,h )anthracene m<>-'k<> 
lndeno( l .2.3-cd )nvrene lUP,'kP 

TABLE 5-8-1 
Sl.'.MMARY STATISTICS FOR EAST-CDffR.AL l.'PLAND AREA. SURF AC'E SOJL 

CRISTAL USAF ACILITY 

:-.mE Non- Locatwn or 

Residential Sot! Mean Detected \1aximum Detected )'vlaximum 

Standard C/NC Concentrauon Concentration Concentration 

Metal~ 

41 NC 488 580 SB-47 0-2 

3.0 C 8.7 37 5 SB-35 0-2 

310 \i(' 123 2 1.400 SB-32 0-2 

lOO NC 1164 370 SB-61 0-2 
Tmal Petroleum Hydrocurhmu' 

620 ! NC I 279 7 I 900 T SB-44 0-2 I 
PAH.\· 

3.9 C 18 24 SB-44 0-2 

0.39 C 1.5 19 SB-44 0-2 
3.9 C 3.3 45 SB-44 0-2 

0 39 C 0.5 3.9 SB-44 0-2 

J9 C 0.9 12 SB-44 0-2 

95'%l!C'Ltvl 

!J4 5 
13.9 

474.6 
185 5 

553 6 

15 7 
12 4 

29.2 

" 7.9 

( umulati\'e Results 

~otes: 

l I Cancer nsk, are calculated accordmg to the folJo-wing equauon (95°-ol:CLM lvlDE Soil Standard)* l ff' 
2) Noncancer hazards are calculated accordrng 10 the fo!Jowmg equa11on (95%,l{'L\1/:\1DE Soil StandardJ*O l 

l\·JDE = Maryland Department of the Environment 
mg·'kg = milligrams per kilogram 
t.:CLl\1 - upper confidence lmut on the mean 
PCBs Po!ych!onnated Biphenyls 
PAHs Po!yaroma11c H~,:drocarbons 
C ° Cancer endpoint 
'.'>JC~ !\oncancer endpomt 

Page I of 1 

Cancer Risks
1 No;;:JI Ha 

-- 0 33 
4 6E-06 --

-- 0.15 

-- 019 

-- I 0 09 

4.0E-06 --
3.7£-05 --
7 5E-06 --
6.?E-06 --
2 OE-06 --

0.8 



TABLE 5-8-2 
SUMMARY STATISTICS FOR EAST-CENTRAL UPLAND i\REk SUBSURFACE SOIL 

CRJSTAL USA FACILITY 

MDE Non- Location of 
Residential S01I Mean Detected Maximum Detected Max1mum 

Chemical units Standard CiNC Concentrattun Concentration Concentrat10n 

:lletal.f 

Antimonv nw/k!.! 41 NC ]6 7 145 SB-43 4-6 
Arsemc m ... lk!.! 3.0 C 68 29.5 SB-34 !2-14 
Iron me/kl.! nooo NC 23.525 86.000 SB-32 1-4 
Vanadium lll!! 1kl.! 100 NC 99.6 540 SB-61 4-6 

PAm 
Benzo{a)rnene m!!ik!! 0.39 C I 0 I I I 0 I SB-28 2.5-4.55 

Notes: 

! ) Cancer nsks are calculated accordmg to the fo!IO\vrng equation (95~·0UCLM.1MDE Soil Standard)* lffc, 
2) Noncancer hazards are calculated according to the following equation (95°-oUCLM-'MDE Soi! Standard)*() l 

MDE 
mg/kg 

UCLM 
PCBs 
PAHs 

Maryland Department of the Environment 
milligrams per kilogram 
upper confidence !umt on the mean 

Po!ychlonnated Btphenyls 
Polyaromat1c Hydrocarbons 

C Cancer endpomt 
NC --- Noncancer endpomt 

Page I of 1 

95%UCLM 

50.7 
1 !.9 

35.751 
280.4 

I 0.5 

Cumulatne Results 

Noncancer 

Cancer Risks1 Hazards~ 

.. 0 12 
4.0E-06 .. 

.. 0 05 

.. 0.28 

I 1.2E-06 I .. 
5E>06 0.5 



TABLE 5-9·1 

Sl.'1Vli\·1ARY STA.TISTICS FOR SOL'.TH L:PLAND AREA, SL'RFACE SOIL 
CRISTAL FACILITY L'SA 

i\u.n:. i'ion-

Residential Soi! Mean De1ected \faxnnum Detected Local!on ofMaximum 

Chemical units Standard C/NC Concentration Concen(ration Concentrat10n 

Metal.I' 

Arsernc mg/kg 3.0 C 2.9 59 SB-48 0·2 

hromrnm m!!..l<' 310 NC 148.7 730 SB-50 0·2 

Iron n\!,/k,, 72.000 NC 30,630 I 10,000 SB-48 0.2 

\fanganese ' lll"'k" 1.000 NC 814.8 2.800 SB-48 0-2 ,.' SB·Sl 0-2 

\-'anadmm !ll".'k" 100 NC 295.8 1.700 SB-50 0-2 

PAHJ· 

Benzo(a)nyrcne I lll"ik!! I 0.4 C I () 5 I 17 I SB-51 0-2 

Notes: 

I) Cancer risks are calculated according to the following equauon ( 95''.oUCL\1"I\·1DE Sm! Srnndard)' l ff" 
1) Noncancer hazards are calculated accordmg to the fol!owrng equat101,. (95~·ol.1CLM 'MDE Soil Standard)"O l 
3) Only two detected value for Manganese_ maximum value used as 95%,L'CLJ\1 

4J Source ofTmge1 Organ IRIS - Integrated Risk lnfom1atwn System 

!\10[ 0·-- Maryland Depanmenl of the Environment 

lll/;·'kg" milligrams per kilogram 
l:CL\-1, upper confidence limit on the mean 

PAI-ls~ Polyaromatic Hydrocarbons 

C ~ Cancer endpomt 
!\C :\oncancer endpoint 

Page I of 1 

Non cancer 

95%llCLi\-l Cancer Risks1 !-!azards2 

3.6 UE-06 .. 
433.5 .. {) 14 

52,638 .. 0.07 

2.800 .. 014 

936 .. 0.9 

I 19 4.SE-06 I .. 

(umulatl\'e Results 



Chemical urnts 

Arsenic mc,'kc 
adm1um ffi"/k.: 

Chrom1l1m me'k[, 

Manganese mc'k, 

Vanadium m"/k, 

TABLE 5"9-2 

Sl'tv!MARY STATISTICS FOR socrn l:PLAND AREA. Sl.'BSURFACE SOIL 
CRISTAL FAC!l.lTY L'SA 

:v!Dt: "on- Location ol 
Rcs1dcnt1al Soil Mean Detected Maximum Detected Maximum 

Standard ('/NC Conccntranon Concentration Concentration 

Meta/I 
30 C I 6 30 SB-46 8-!0 
5: NC 93 66 SB-49 4-6 

3!(1 NC 744 l 2.800 SB-50 4-6 

2.00(1 NC 1.845 7.300 SB-50 4-(, 

100 NC 1)89 6.600 SB-50 4-6 

Non cancer 

95'·iiUCLM Cancer R1sks 1 
/fazards

2 

18 8 6 3E-06 
61 0 12 

l.028 03 

7300 O 37 

6.600 66 

( umulatne Results 6E-06 
Notes: 

J J Cancer mks arc ca!cldated accord mg to the following equauon (95~·,l lCU,l'MDE Soil Standard)* Io·'' 

2) Noncancer hazards arc calculnted according to the following equa11on (95"·0\'CLM.'.\:IDE Soil Standard)*O l 
~) <l5°·,l.'CL'.\1 exceeds the maximum concentration The max11num detected concentrntmn 1s used 
-1) Source ,,f Target Organ IRIS - Integrated Risk Information System 

:,,.·JDE - \faryland Department of the Emvonment 
mg,'kg -- rn1ll1grams per kilogram 

l'CL)l.1 upper cm1f1dcncc hmn on the mean 
PAils 0

- Polyammahc f!ydmcarbon; 

C - Cancer endpomt 

:,.;c Noncanccr cndprnnt 

Pagel of I 

Total Huard Incle:\ Digesth·e System 
Total Huard Index c:entr.al Nen,ous System 

Total Hazard lude:\ Hair 

Target Organ4 

Kidnevs 
NA 

Central '.'<ervous 

Svstem 

Hair 

0.12 
OJ7 

7 



TABLE 5.10 
SUlvL\1ARY STATISTICS FOR BA TOI ATTAO.: BASIN 

CRISTAL t:SA FA(IUTY 

Chemical units 

\rse111c m.t/ku 

hrommm mu-'ku 

1an~anesc 

\-!DE Non-

Res1den11al Soil \lean Detected Maximum Detected 
Standard C/NC Concentiat1on Concentra!1on 

Metufr 

30 C " 310 NC 1.027 2.400 

nooo NC 106.744 lNOOO 

2_000 NC ll.466 26,000 

Locauon of 

\fax1mum 
Concentration 

BB-DIS 
B8-07S 

BB-07S 

JO{) NC 2.408 5_100 BB-08S .· BB-07S 

!'liotes: 

I ) Canct:r fl5ks art> calculated accordmg to the followmg equation (95%l.'CUvl 'i\lDE Sml Standard)•! ff'' 
2J Noncancer hazards are calculated accordrng !O the followm~ cq1,atm11 (95%,L:CLM 'MDE Sml Standard)*O l 

3 J Source of Target Organ IRIS - Integrated Risk lnformat,on Syslem 

MOE~ Maryland Depanmcnt of the Ennronmcnt 
mg'kg ·- milligrams per kilogram 
U(U,-l 0

-- upper confidence hm1t on 1hc mean 
P(Bs Polvchlonna1ed B1phenyls 
PAHs ~ Polyawmanc llydrocarbon~ 
C Cancer endpomt 
~C l\'oncance1 endpomt 

Page I of I 

Noncance1 

'l5%l:CLM Cance1 Rtsks 1 Hazards' 

2 7 
l,590 0 52 

133,139 0 J 8 

)8,09.' 090 
3.737 _, 7 

Cumulah,e Results 9£-07 ' 
Total Hazard Index Dig es tin- System 

Total Hazard Index Central Ner\'ous Slstem 
Total Hazard Index Hair 

Target Organ 
1 

NA 
D1_>(CSt1w Svstem 
Ce11trn) i\er,.ous 

System 
I-lair 

0.5 
0.2 



Chemical unit5 

Arsemc m11/ki! 

Chrom,um m<'k" 
Iron mw'kg 

\fanganese m,.'k, 

Vanadium mg.kg 

TABLE 5-1 l·l 

SUi\·1i\1ARY STATISTICS FOR UPPER SETTLING BASIN. SL'RFACE SOIL 

CRISTAL FACILITY CSA 

MOE :-.:on- Locatrnn of 

Resident.al Sod Mean Dc1cc1cd Maximum Detected Max,mum 

Standard C'NC ConcentrJtion Concemrnhon Concen1rat1on 

Met,t/s 

30 C '" 7 llB-05 0-2 

310 NC 380 I 1.4()() l!B-08S 
72.000 NC 40.750 91.000 l'B-08S 

2.000 NC J.02) 'l,50(1 trB-08S 
!()(I NC 800 .l 2,700 UB-08S 

Noncancer 

'l5%UCLM Cancer Risks' Hazards' 

'3 l 4l:A16 

993 6 O 32 
6()_790 O 08 

CJ.500 O 48 
!.401 14 

C.um11lahve Results lE-06 
,"\otes: 

I ) Cance, :isb are cakulaied according lo \he following equ11t1on (95~·ol!CL:'vl. t>.·IDE Soil Standard)• Id 

2) Noncancer hazards are calculated nccordmg to the following equation ('J5'·ol'CL;\FMDE So,! Standard)'{) I 

J) 95~·.UCLl\1 exceeds maximum concentrntrnn. max mt mum used as <J5%l'CLM 

4) Source of Target Organ (RlS • lntcgra1cd Risk lnformat,(m System 

\1DE -- Ma0 land Dcparunen1 of the E11v1romnen1 

rng-'kg O rml!1grnms per k,lngram 

l'CLt>.1- upper confidence !1111,t on the mean 

PCBs Polvchlonnated Biphcrwls 
l'Af!s ·- P"lvarnmallt 1-hdmcarbons 

C Cancer cndpomi 

:,..;c O Noncanccr endpoint 

Page I of l 

Total Hazard lndo Digestin, S}·stcm 

Total Hazard hidex Central Nenous Sysleni 
Tolal H11zard lndl'x )fair 

Targe1 Organ' 

Dwest,ve System 

Central Nervous 

Svstcm 

Hau 

0.08 
0.48 

I 



Chemical umts 

Annmony 
l 

mg.'k" 

Arsemc m,,:ko 

'hromium ' m"ik" 

!rnn ' ITI":'k!! 

\.hm_(!anese ' m1t,1rn 

Vanadium mu,'ku 

TABLE 5-11-2 

SL'\.lMARY STATISTICS FOR UPPER SEHLl'.\G BASIN. Sl !BSURFACE SO!L 

CRISTAL FACILITY l.:S..\ 

MOE Non- Locanon of 
Residcnt,al Sot! )Vlean Detected \.faximum Detected lvlaxnnum 

Standard C/NC Concenl1at,on Concentra!wn Concentra1wn 

Metul.1· 

410 NC JO 9 45 LB-Ol 5-7 

30 C )7 63 LB·Ol 5-7 

310 NC 646 5 2,400 LB-03 3-5 

72.000 NC 45200 160.000 l.'B-03 3-5 

2.000 NC 1807 8.200 l.'B-01 3-5 

JOO J\T I 118 3_801) l '.B-03 3-5 

95%UCLM 

45 
59 

2.400 

)60.000 

8,200 
2,609 

Cancer Risks 1 

2 OE-06 

Noncancer 

Hazard,c 

0 J 

08 

0 22 

Cumulatwe Resuhs 2[-06 4 

'.lio1cs: 

I) Cancer mks arc calculated actordmg w the follo\\·mg equation (95%l'CLM ·rv1DE Sotl Standard)* lo'' 
2) Noncance1 hazards are calculated accordmg to the followmg equation (95~·,l.CLM/MDE Soil Standaid)*O I 

3) 95%,l.lCLM exceeds maxllTium concentratwn, maxmumm1 used as 95%l!CLM 

4) Source of Target Organ IRIS - Integrated R1>k lnfomiat1on System 

\1DJ- - l\faryland Depanmenl of the Enrnonmcnt 

mg,'kg , m1lhgrnms per kilog1am 

L'CL\1 ~ upper confidence lmll! on the mean 
l'CBs = Polychlonnmcd 81phenvh 

PAH, Poh·aromauc Hydrocarbons 
(" 0 - Cancer endpoint 

\;C - Noncaiwcr cndpmm 

Page I of l 

Total Hazard Index Blood 
Total Hazard Index Digestive System 

Tolal Hazard lnde:1. Central !\'er,,ous System 
Total Hazard Index Hair 

Target Organ' 

Blood 

D11test1ve Svstcm 

Central Nervous 

System 

0.1 

0.2 

0.4 
3 



TABLE 5-12 
SUMMARY STATISTICS FOR MIDDLE SETTLING BASIN 

CRIST AL USA FACILITY 

MDE Non- Location of 
Residential Soil Mean Detected Maximum Detected Maximum 

Chemical unns Standard C/NC Cnncentrat1on Concentration Concentration 

Metals 
Arsenic mg/kg JO C 2.'-1 3.6 MB-03S 
Chromitm1 nl!!/kg 310 NC :U30 3,200 MB-04S, MB-03S 
Iron 1111/ko 72.000 NC 126.667 160.000 MB-01S, MB-03S 

Manganese llh!ill.! 2.000 NC 23-402 34.000 MB-01S 
Vanadmm mc/kg !00 NC 4.842 6.600 MB-03S 

Notes: 

l J Cancer nsks are calculated according lo the followmg equation (95",olJCl,M:'MDE Soil Standard)* l<r" 
2) Noncanccr hazards are calculated according to the fo!lowmg equati01J (95"oUCLM/MDE S01! Standard)*() l 
3) 95%UCLM exceed~ maximum conccntrat1011. maxmimum used as 95°,olJCLM 
4) Source of large! Orgall' IRIS - Integrated Risi,. lnfonnat1on System 

MOE - Maryland Department ofthc Envirnnmcn1 
mg.'kg - milligrams per kilogram 

lJCLM - upper confidence lnmt 011 the mean 
PCBs Polychlorinated B1phenyls 
PAHs Polyaromat1e Hydrocarbons 
C Cancer endpoint 

Page I of l 

Noncancer 

95°,'oUCLM Cancer Risks1 Hazards: 

J I 1 OE-06 --
3.200 -- LO 

160,000 -- 0.22 

33.1 ]6 -- 1.7 
5.812 -- 5.8 

Cumulahn Results IE-06 9 

Total Hazard Index Digestiw S~·stem 
Total Hazard Index Central Nen'OUS System 

Total Hazard Index Hair 



Chemical ='" 
m ,fkg 

Chromium m>,'k<> 

!ron m,i/k·> 

Manganese lll"'k' 
Vanadmm nv,·'l;n 

TA,BLE 5-13-l 

Sl'M!\1ARY STA T!STJCS !"OR LO\VER SETTLING BAS!\\ Sl1RFACE SOIL 
CRISTAL L'SA FACILITY 

J\..JDE Non- Location ol 
Res1dcnt1al Soil Mean Detected Maxunum Detected Maximum 

Standard CiNC Conecmrauon Concentra\lon Concemrnuon 

Metuls 

JO C 18 26 LB-04 0-2 
310 '.\'C 1)3! 3.050 LB-05 0-2 

72,000 '.\C I 10,85i )75.000 LB-05 0-2 

2.000 NC 18.800 35,000 LB-05 0-2 
100 NC \607 6.650 LB-05 0-1 

Noncaneer 

95%L'CLM Cancer Risks ' Hazards" 

21 7 OE-07 
2,527 0 82 

150.173 0 21 

28.007 14 
5.292 53 

( umulat,w· Results 7[-07 8 
Notes: 

I ) Cancer nsks arc calculated accordmg 10 the followmg cql1at1on (95"-ol:CLJ\.1:MDE Soil Standard)~ 10"' 

2) Noncancer hazards arc calculated a\:cordmg to the followmg equa11on (95%l 'CLM!MDE Soil StandarJ)•O l 
.< J Source of Target Organ !R!S - Integrated Risk !nfornrnt1on System 

\1DE Maryland Depanment of the Enl"lr01unen1 
mg·'kg m1lhgrams per kilogram 
U(L\l ~ upper confidence lmlll on the mean 

l'CBs O Polvchlo1mated B1phenvls 
PAils Polyaromatic Hydrocarbons 

DRO - Diesel range 01gamcs 

C - Cancer cndpmm 
NC •· 'Noncancer endpouit 

Page I of I 

Total Hazard Index Digesfo·e System 
Total Hazard Index Central Nervous System 

Total Hazard Index Hair 

Target Organ ' 

NA 
D1<>est1ve Svstem 
Central Nen·ous 

S\'stem 
Hair 

0.2 



Chemical umt, 

Arsemc mgfkg 

'hrommm' mg;'kg 

ron' mu:lu 

mu lu 

mu'k• 

TABLE 5-!3-2 

SUMMARY ST.AT!STICS FOR LOWER SETTLING BASIN. Sl'BSL'RFACE S011 
CRIST,\L USA FACILITY 

)l.{OE Non- Location of 

Res1denual Soil Mean Detected Maxm1um Oetec!ed Maximum 

Standard C:NC Concentrataon Concentrat,on Concentration 

Ml!tal., 

3 0 C 3 6 60 LB-05 6-8 

3\0 NC '.:_\3_\ 3.000 LB-03 8-!0 

72.000 NC 75.000 91.000 LB-U" 6-8 

2,000 NC 8.300 9.1 ~(l LB-OZ 8-lU 

100 :-.JC 5.:!94 7.800 LB-03 8-10 

Noncance, 

95°·.CCLM Cancer Risks' Hazard,: 

" 2 lE-06 

}.()00 0 97 

91_000 0 13 

'J.l~() 0 46 

7.800 78 

( umulatn·e Results 21.-06 9 

Not,..s: 

I) Cane et nsks are calculated according w the followmg cquatwn {9~"-ol:CU,-t.MDE Soal Standaid)' Io·' 

'.:) Noncancer hn-.ards are calculmed accordmg 10 the foliowmg equation ('J5°ol'CLM 'MDI' Srnl Sta11dardl'O i 
3) 9~0.-.UCLM exceeds maxunum conccn11auon. maxmmrnm used as 95°-,UCt.M 

4) Source of'fargct Organ IRIS • !ntcgrnted Risk lnforinat1on S) stem 

MDF r<.·1aryland Department oflhc Ennronment 

mg ·kg nlllligrams per kilogram 

l'CLM upper conf,dence !imll on lhe mean 

PCBs Pol\·chlo11natcd B,phcnyl, 
P Alls " P'11yurotnal!c Hydrocarhons 
DRO O Diesel range organics 

C Cancer eudpmnl 

NC ts:oncancer endpoun 

Page l of i 

Total Harnrd lndei Oig~stin s,stcm 
Total Hazard lndn (",..ntral Nen·ons S~·slem 

Total Hazard lndn Hair 

Target Organ ' 

NA 

D,uesuve Svstem 

Cenual Nervous 

Svstem 

Ha" 

o., 
0.5 
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1 Introduction 
The investigation of stockpiled clay fill at the Hawkins Point Plant (HPP) Industrial Waste Landfill at 
the Cristal USA facility was performed in general accordance with the Cristal USA Stockpile 
Characterization Sampling and Analysis Plan (SAP; Anchor QEA 2016). The purpose of the 
investigation was to delineate and characterize the stockpiled fill for potential future reuse by the 
Maryland Port Administration. The SAP was reviewed and approved by both Cristal USA and the 
Maryland Department of the Environment (MDE). The location of the HPP landfill (Site) is shown on 
Figure 1. The following four objectives were identified in the SAP: 

• Delineate the lateral and vertical extent of the stockpile. As discussed in the SAP and in 
Section 4 of this report, prior topographic surveys were used for the initial delineation, which 
was re-evaluated based on the results of the current characterization. The extents of the 
stockpile will be used to determine the recoverable amount of fill and develop a plan for 
removing stockpiled fill not in contact with the underlying waste. 

• Identify field-observable differences between the stockpiled fill and the waste that can be 
used as criteria for potentially identifying waste during stockpile removal. Although cut lines 
will be identified in the stockpile-removal plan based on the stockpile delineation, the 
waste-identification criteria will provide a backup to avoid disturbance of waste during 
removal of fill from the stockpile. 

• Characterize the geotechnical properties of the stockpiled fill for potential reuse. 
• Confirm the previous chemical characterization that the stockpiled fill is suitable for reuse in 

an industrial setting. 

This report provides a summary of the field investigation in Section 2 and the results of the 
geotechnical and chemical analyses in Section 3. Section 4 presents an evaluation of site 
geotechnical conditions, a discussion of soil reuse, and an updated assessment of the volume of 
recoverable fill from the stockpile. Section 5 discusses the preliminary stockpile removal plan. 
Conclusions are summarized in Section 6. 
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2 Field Investigation 
The field investigation program consisted of advancing 12 soil borings and 7 test pits at select 
locations across the stockpile. E2CR, Inc. (E2CR) of Baltimore, Maryland, was the primary 
subcontractor advancing soil borings, excavating test pits, and providing geotechnical services. E2CR 
subcontracted drilling for three borings (AQ06, AQ07, and AQ11) to Free State Drilling, Inc. (FSD) of 
Frederick, Maryland, to help maintain the field schedule. E2CR also performed laboratory testing of 
samples collected from soil borings. Bulk soil samples collected from the test pits were analyzed by 
GeoTesting Express of Acton, Massachusetts. Chemical analyses were performed by TestAmerica 
Pittsburgh of Pittsburgh, Pennsylvania. Site work was completed on March 13, 2017. Anchor QEA and 
E2CR mobilized to the Site on February 27, 2017. Prior to the February 27 start date, proposed 
subsurface explorations were cleared with Maryland’s public utility locate system, Miss Utility. 

Figure 2 presents the final locations of the soil borings and test pits. Soil boring locations were 
adjusted as needed from proposed locations outlined in the SAP (Anchor QEA 2016) to 
accommodate field conditions. Generally, adjustments to soil boring locations were minor, averaging 
approximately 4 feet from the proposed locations. As described in the SAP, test pit locations were 
selected based on conditions observed in the soil borings and were adjusted based on safe 
equipment access. The proposed and final coordinates of the soil borings and test pits are presented 
in Table 1.  

2.1 Soil Borings 
Soil borings were advanced with hollow-stem augers, using a track mounted drill rig operated by 
E2CR or FSD. Proposed boring locations were located by Anchor QEA using a Trimble GeoXH GPS 
and then field adjusted as needed to allow for safe access with equipment and personnel. The final 
as-built location of each soil boring was recorded with the Trimble GeoXH GPS. Table 1 presents a 
summary of each exploration, the proposed and actual coordinates, the termination depths, and 
estimated elevations. Ground surface elevations, estimated from the 2015 topographic survey 
performed by Applied Mapping Solutions, Inc., were used with depths measured in the borings to 
determine the elevations of other contacts and the bottom elevations. Figure 2 presents the location 
of each soil boring. Soil boring logs are provided in Appendix A.  

Soil samples were collected by standard penetration test (SPT; ASTM D1586). Starting at the ground 
surface, samples were collected at 5-foot depth intervals. Once the boring reached a depth within 
approximately 10 feet of the anticipated termination depth (based on the 2008 topographic survey 
performed by Wings Aerial Mapping Co., Inc.) indicated in Table 1 of the SAP, soil samples were 
collected continuously in 24-inch increments. SPT sampling was performed using an automatic trip 
hammer. A 2-inch outside diameter split spoon sampler was used and driven 24 inches into the soil 



 

Cristal USA Stockpile Characterization Report 3 June 2017 

DRAFT 

or until refusal (50+ blows). The number of blows required to drive the sampler every 6 inches was 
recorded. 

Each boring was observed by a geotechnical engineer who logged the subsurface conditions and 
collected representative soil samples. Soil samples were collected and stored in sealed and labeled 
glass jars. The jars were transported to E2CR’s laboratory for further evaluation and geotechnical 
testing. Sample material suspected of being landfill waste was collected in a separate container and 
transferred to the landfill owner (Cristal USA) at the end of the field work for proper disposal. 

In general accordance with the SAP, three separate aliquots were collected from different depth 
intervals (top, middle, and bottom depth) from each boring and then composited into a single 
sample for chemical analysis. One composite sample was prepared for chemical analysis from each 
soil boring. Samples for chemical analysis were stored in coolers until the end of the work shift and 
then transferred to the laboratory refrigerator at the Cox Creek dredged material containment facility 
(DMCF) until they were picked up for transport to the TestAmerica laboratory. Maryland 
Environmental Service coordinated chemical laboratory services and sample pickup with 
TestAmerica. The samples were submitted to the laboratory as a single sample delivery group after 
the final soil boring was completed. 

Upon completion, each boring was sealed by pumping cement grout into the borehole. Soil cuttings 
were spread evenly on the ground surface and then reseeded and mulched.  

2.2 Test Pits 
A total of seven test pits (TP01, TP02, TP04, TP05, TP06, TP08, and TP08A) were excavated following 
the completion of the soil borings. Soil boring observations influenced the selected test pit locations. 
Test pits TP01, TP04, and TP06 were excavated within the approximate location proposed in the SAP. 
Test pits TP02, TP05, and TP08 were moved from their proposed SAP locations, and test pit TP08A 
was added. Test pit locations TP03 and TP07 were omitted since the subsurface conditions 
anticipated at those locations were expected to be consistent with other sampled locations. Test pit 
TP02 was moved from the proposed location since the equipment could not safely access the 
proposed location. Similarly, the proposed location of TP05 was on a slope and could not be 
accessed safely with the mini excavator, so the actual location was adjusted in the field to the next 
level area (midway between AQ09 and AQ07). Test pit locations TP08 and TP08A were selected in the 
vicinity of borings AQ11 and AQ12 in an attempt to collect a sample of the sandy clay material 
expected in that area. The soils observed and collected from test pit TP08 were similar to the soils 
observed in other test pit locations, so the test pit was terminated at 7.1 feet, and test pit TP08A was 
then excavated closer to soil boring AQ12. Of test pits TP08 and TP08A, only the sandier sample 
collected from TP08A was selected for analysis. The proposed and actual coordinates, termination 
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depths, and elevations of each test pit are presented in Table 1. The actual locations of test pit 
explorations are depicted in Figure 2.  

A Bobcat E85 compact tracked excavator was used to dig each test pit. Test pits were generally 2 to 
3 feet wide and 12 to 15 feet long. The excavation depths varied from 7 to 11 feet deep. Excavated 
material was stockpiled adjacent to the test pit, observed, logged, and sampled. Test pit logs are 
presented in Appendix A. Bulk samples representative of the material observed throughout the entire 
excavation (excluding topsoil) were collected from each test pit. Samples were placed into a 5-gallon 
plastic bucket, sealed with a lid, labeled, and shipped to GeoTesting Express. Upon completion, the 
excavation was backfilled, graded smooth at the surface with the excavator, reseeded, and mulched. 
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3 Analytical Results 
Soil samples were analyzed for geotechnical properties and concentrations of metals that were 
selected based on the results of previous investigations, as discussed in the SAP (Anchor QEA 2016). 
In accordance with the SAP, samples from soil borings and test pits were analyzed for the following 
geotechnical properties:  

• Moisture content 
• Atterberg limits 
• Particle size 
• Organic content 
• Specific gravity 

Test pit samples were also analyzed for the following geotechnical properties: 

• Moisture-density relationship 
• Permeability of soil of samples compacted to 95% of maximum dry density 
• Consolidated-Undrained Triaxial Compression (CU-TXc) with pore pressure measurements of 

samples compacted to 95% of maximum dry density 

Composite samples from soil borings were also analyzed for moisture content and selected metals, 
as described in Section 3.2. 

3.1 Geotechnical Testing 
Geotechnical testing was performed by two different laboratories. Soil boring samples were collected 
and submitted to E2CR’s geotechnical laboratory. Bulk soil samples collected from test pits were 
submitted to GeoTesting Express’s laboratory. Detailed reports, prepared by the respective 
laboratories, are presented in Appendix B. The following sections present a summary and discussion 
of geotechnical testing results; the significance of the test results for potential soil reuse is discussed 
in Section 4. 

3.1.1 Index Testing Results 
A total of 154 soil samples were collected from the 12 soil borings (AQ01 through AQ12) and 
submitted to E2CR for further analysis. No samples were collected or submitted for analysis of 
recovered material that was potentially landfill waste (last sample from each boring). Samples from 
six of the test pits (excluding TP08) were submitted to GeoTesting Express for analysis. Table 2 
presents a summary of the index testing results for both the soil borings and the six test pit samples 
analyzed.  

Each sample submitted was analyzed for moisture content. Moisture content ranged from 6.6% to 
28%, except for three samples in boring AQ05. The arithmetic mean moisture content, including all 
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samples, was 16.1%. The highest moisture content was observed approximately 84 to 90 feet below 
ground surface in boring AQ05, where samples S-21, S-22, and S-23 (elastic silt – MH) had values of 
64.3%, 58.1%, and 58.9%, respectively. Moisture content higher than the optimum value can lower 
the strength of compacted clay fill, as discussed in Section 4.3, but these highest moisture contents 
were observed at depths below the bottom of the recoverable stockpile, which is discussed in 
Section 5. 

A total of 38 soil boring samples and 6 test pit samples were selected for Atterberg testing. Atterberg 
limit testing refers to the liquid and plastic limits determination of cohesive soils. This test was 
performed to assess the plasticity and consistency at varying moisture contents. Plasticity index is the 
difference between the liquid and plastic limits; the greater the difference between the liquid limit 
and plastic limit, the greater the plasticity of the soil. Atterberg testing results also aided in soil 
classification. A majority of the fine-grained cohesive soils tested had a plasticity index between 9 
and 27 (slight to medium plasticity). Highly plastic soils (CH) were only observed in two borings 
(AQ04 and AQ05). 

Specific gravity determination was performed to aid in determining the unit weight and void ratio of 
soils. A total of 13 soil boring samples and 6 test pit samples were analyzed for specific gravity. The 
specific gravity of the clayey sand ranged from 2.66 to 2.67. The average specific gravity of the lean 
clay was 2.70. 

Sieve and hydrometer tests were performed on a total of 28 soil borings samples and on 6 test pit 
samples. A total of eight sieve analyses without hydrometer were performed and eight No. 200 wash 
analyses were performed. The detailed reports can be found in Appendix B. Table 2 provides a 
summary of the results broken down by the percentage of gravel, sand, and fines (silt/clay) reported. 
The results of the grain-size characterization are discussed in Section 4. 

Organic content determination was performed on 16 soil boring samples and on 6 test-pit samples. 
The reported organic content ranged from 0.8% to 4.5% except for one sample (S23 in boring AQ05 
at 88 to 90 feet below ground surface) that had an organic content of 12.6%. The arithmetic mean of 
all 16 measurements of organic content was 2.4%. 

3.1.2 Bulk Soil Sample Testing Results 
Bulk soil samples were collected from test pits to provide sufficient sample volume to perform 
Standard Proctor testing, permeability testing, and consolidated undrained triaxial strength testing. 
These sample results are only representative of the near surface soil conditions encountered at test 
pit locations TP01, TP02, TP04, TP05, TP06, and TP08A. These samples were collected from the top 8 
to 11 feet below the existing ground surface. Standard Proctor Testing (ASTM D698) was performed 
on each of the bulk samples collected from the test pits. Table 3 presents a summary of the resulting 
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optimum moisture content and maximum dry density reported for each of the six test pit samples. 
The optimum moisture content, based on the Standard Proctor Testing, ranged from 12.2% to 16.4%. 
The moisture content of the lean clay reported from the soil borings ranged from 9.6% to 23.8%, 
which suggests that some of the stockpile material had a moisture content more than 2% above 
optimum at the time of the investigation. The significance of these data for soil reuse is discussed in 
Section 4.3. 

The permeability of the stockpile material was assessed by performing hydraulic conductivity tests 
using flexible permeameter (ASTM D4084) on the bulk samples collected from six of the test pits. 
Each sample was compacted prior to testing. Compaction efforts targeted 95% of the maximum dry 
density. The compacted sample was then analyzed. The permeability ranged from 9.10E-08 to 
1.20E-06 centimeters per second, which corresponds to poorly drained or practically impervious soil. 
Table 4 presents a summary of the permeability and the actual percent compaction achieved. There 
was not a strong correlation between permeability rate and sand content, which may indicate 
heterogeneity of the sample or limitations of the permeability test method.  

Consolidated undrained triaxial compression tests (CU-TXc) (ASTM D4767) were performed on each 
of the six bulk samples from the test pits. Each of the samples was compacted prior to testing, and 
compaction efforts targeted 95% of the maximum dry density. Table 5 presents a summary of the 
actual percent compaction achieved and the triaxial results for the range of selected consolidation 
stresses (6 pounds per square inch [psi], 12 psi, and 25 psi targeted). The design engineer will need 
to evaluate and interpret the CU-TXc data in relation to the anticipated fill reuse application strength 
requirements, as discussed in Section 4.3. 

3.2 Chemical Testing 

3.2.1 Review of Chemical Data 
Chemical analyses were performed by TestAmerica Laboratories, Inc., of Pittsburgh, Pennsylvania. 
One composite sample from each boring was prepared for chemical analysis. From each boring, 
aliquots of soil from samples near the top (current ground surface), middle, and bottom of the 
stockpile were homogenized in the field and packed into sample containers for laboratory analysis. 
One field duplicate (from the composite for soil boring AQ11) was submitted to the laboratory for 
analysis. The chemical laboratory report is provided in Appendix B, and the results of the analyses are 
summarized in Table 6. 

The chemical data were reviewed for consistency with quality assurance objectives. The laboratory 
reported matrix spike recoveries outside standards and detections of target analytes in method 
blanks and continuing calibration blanks. None of these issues is significant to the evaluation of the 
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data considering the nature of the issues and the magnitude of the potential discrepancies, which 
are summarized below. 

• Copper, nickel, thallium, and zinc were detected in laboratory method blanks but at 
concentrations that are relatively low compared to the concentrations of these metals in the 
samples. The laboratory flagged copper and thallium results as estimated values, but the 
measured concentrations of all four of these metals are very low compared to risk-based 
standards, and the method blank contamination is insignificant to the evaluation. 

• The matrix-spike recovery was high for arsenic, copper, chromium, and lead, which means the 
reported concentrations for these four metals may be biased high (i.e., actual concentrations 
may be lower than those reported by the laboratory). For copper, chromium, and lead, the 
reported concentrations are significantly lower than the risk-based standards, so the bias is 
insignificant to the evaluation. The high bias for the arsenic concentrations means that the 
actual concentrations of arsenic may be below the background level (Anticipated Typical 
Concentration), but the values reported by the laboratory were conservatively used at face 
value in the evaluation. 

• The matrix-spike recovery was low for antimony and selenium, so the reported concentrations 
for these metals may be biased low. Based on the recoveries reported for the matrix spike and 
matrix spike duplicates, the concentrations for these metals may be twice as high as the 
values reported by the laboratory. Considering that even the most restrictive nonresidential 
standards are more than 100 times greater than the maximum reported concentrations of 
antimony and selenium, the low bias of the analytical results does not affect the evaluation. 

• Beryllium and nickel were detected in the laboratory continuing calibration blanks, which 
means that the reported concentrations for these two metals may be biased high. The 
reported concentrations are significantly lower than the risk-based standards, so the bias is 
insignificant to the evaluation. 

• The results for beryllium and lead in the target sample (AQ11) and the field duplicate 
(AQ11-FD) were significantly different, and the difference between the results was more than 
twice the reporting limits for these metals. The inconsistency in the results may be due to 
extreme heterogeneity of these metals in the soil, insufficient homogenization of the sample, 
laboratory issues, or a combination of these factors. The beryllium and lead concentrations 
have been flagged as estimated values based on the discrepancy between the target and field 
duplicate results, but this issue is insignificant to the evaluation since the reported 
concentrations are significantly lower than the risk-based standards. 
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3.2.2 Comparison to Risk-Based Standards 
The results of the chemical analyses were compared to three sets of risk-based standards from the 
following two guidance documents: 

• State of Maryland Department of the Environment Cleanup Standards for Soil and Groundwater 
(MDE 2008) 

• Innovative Reuse and Beneficial Use of Dredged Material Draft Guidance Document (MDE and 
MDOT 2017) 

The Nonresidential Cleanup Standard (NCS) from the 2008 guidance document was used as a basis 
for comparison for all metals except arsenic. In conformance with Appendix 2 of the guidance, the 
Anticipated Typical Concentration (ATC) in soil for Eastern Maryland was used for comparison to 
measured concentrations of arsenic instead of the NCS, since the naturally occurring background, or 
ATC, is greater than the NCS. Measured concentrations were also compared to the following two sets 
of standards in the 2017 guidance: 

• Category 2 (nonresidential restricted use soil and fill material) 
• Category 3 (restricted use soil and fill material, cap required) 

Table 7 provides a summary of measured concentrations (range and arithmetic mean) and the three 
sets of cleanup standards identified in the previous paragraph. With the exception of arsenic, the 
concentrations of all metals in the soil samples are well below all three of the state standards. The 
nature of the exceptions is as follows: 

• Arsenic concentrations in 3 of the 13 samples exceed the ATC for Eastern Maryland, but the 
average concentration is below the ATC. 

• Arsenic concentrations in 10 of the 13 samples exceed the standard for Category 2 reuse, but 
arsenic concentrations in all of the samples are well below the standard for Category 3 reuse. 

Total chromium concentrations in all of the soil samples are well below the NCS. The concentrations 
are also well below the Category 2 and Category 3 standards for chromium(III). Although the 
measured concentrations for total chromium exceed the Category 2 and Category 3 standards for 
chromium(VI), the measured concentrations of total chromium are well below the standards for 
chromium(III), and the proportion of the measured chromium in the hexavalent form was not 
measured. The measured concentration of total chromium is consistent with the ATC for 
Eastern Maryland, so the chromium appears to be naturally occurring. 

The chemical data indicate that the stockpile soil does not appear to have been affected by 
anthropogenic sources of these metals. Based on the comparison of the measured concentrations to 
the standards for nonresidential soil, the stockpile soil appears to be suitable for reuse in a 
nonresidential setting. 
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4 Site Geotechnical Conditions  

4.1 Soil Conditions 
The boring logs presented in Appendix B provide a detailed description of the soils encountered in 
the subsurface explorations (soil borings and test pits). The material encountered at each exploration 
is believed to be fill and has been identified as such on the logs. General descriptions of the different 
soils identified from the borings advanced at this Site are presented below: 

Topsoil: Between 2 and 30 inches of topsoil were encountered at the ground surface in the soil 
borings and test pits. The topsoil was generally observed to be dark brown, moist, and loose, 
consisting of silty sand with mixed organic matter and roots (rootmat).  

Lean Clay: Lean clay was the predominant soil type observed in all explorations. The clay generally 
consisted of soft to hard lean clay with sand to sandy lean clay. The color varied, but mottled reddish 
brown and gray was typically observed. The plasticity index for this soil unit ranged from 9 to 27 
(slight to medium plasticity) with an average plasticity index of 18. Multiple layers of clay were 
typically found in each boring with the maximum layer thickness ranging from 10.5 to 47 feet thick.  

Fat Clay: Highly plastic (fat) clay was observed at two boring locations, AQ04 and AQ05. At boring 
location AQ05, this material was identified as red, reddish brown, light gray, soft to stiff fat clay with 
trace sand. Fat clay was observed 9 feet below the surface at AQ05 and was 19.5 feet thick. A thinner, 
3.5-foot-thick layer of fat clay was observed at boring AQ04. The fat clay at AQ04 was identified as 
reddish brown, light gray, moist, stiff fat clay with sand. 

Sand: Sand was encountered in all borings. In general, sand was found at varying depths and 
typically interbedded between clay layers. Sand layers were generally less than 5 feet thick, except in 
borings AQ02 and AQ05 where sand layers were as much as 15 feet thick. Sand was the second most 
prevalent soil type observed in the borings. The sand observed was variable in composition and 
ranged from reddish brown to brown silty sand to clayey sand but was most commonly clayey sand. 
Sand was observed to be loose to dense with trace amounts of gravel. 

Silt: Silt layers 3 to 4.5 feet thick were observed in 2 of the 12 boring locations (AQ05 and AQ08). At 
AQ05, the silt layer was identified as brown, moist, stiff, elastic silt. At AQ08, the 4.5-foot-thick silt 
layer was identified as gray, moist, stiff silt with sand. 

Waste: Eight of the twelve boring locations (AQ02, AQ04, AQ06, AQ07, AQ08, AQ09, AQ11, and 
AQ12) were terminated in material suspected to be landfill waste. Material suspected to be landfill 
waste was variable in composition. At boring locations AQ07, AQ11, and AQ12, the material 
encountered was very dense, dark gray, black and white, gravel-like material with a strong odor that 
was typically sulfurous (rotten egg). At boring locations AQ02, AQ04, AQ06, AQ08, and AQ09, the 
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material encountered consisted of stiff to very stiff fine-grained material (silt or silty clay) with 
variable coloring, dark red, dark brown, black, sometimes with white or yellow fragments, and 
occasional odor. Boring location AQ05 did not encounter material suspected to be waste and was 
terminated 8 feet deeper than the anticipated termination depth listed in Table 1 of the SAP 
(Anchor QEA 2016). Boring locations AQ01, AQ03, and AQ10 were terminated in wet sand (see 
groundwater discussion in Section 4.2). 

4.2 Groundwater Observations 
At the time of drilling (March 2017), wet sand was observed at boring locations AQ01, AQ03, and 
AQ10 at elevations of 53.5, 29.1, and 79.2 feet below ground surface, respectively. At these locations, 
there may be perched water within the layers of more permeable soil (i.e., sand) overlying the landfill 
waste. At each of these locations, the boring was terminated when the wet soil was encountered to 
avoid the potential risk of making a hydraulic connection with underlying waste. Water was also 
observed at test pit location TP-04 at a depth of 7 feet below the existing ground surface. Perched 
water may have seeped into the open excavation through sand lenses observed at that depth. 
Indications of groundwater were not observed at other boring locations or in test pits. The moisture 
encountered in the stockpile is not necessarily indicative of groundwater hydraulically connected to 
formations below the landfill. 

4.3 Reuse of On-Site Soils 
The stockpiled fill is being considered as a potential borrow source for construction in future 
development (i.e., in a nonresidential setting), such as embankment fill or dike fill. The usability of the 
stockpiled fill will depend on several factors related to the future use, such as the height of the 
structure, foundation subgrade, and forces that act upon it. Considering the possibility of 
constructing a retaining dike, almost any type of fill may be used for such construction with the 
exception of very wet, fine-grained soils and soils containing a high percentage of organic matter 
(USACE 1987). For an earthen dike or embankment, fine-grained soils, such as clays, can be 
particularly desirable for low permeability applications, such as impervious zones, depending on the 
design. Dike stability and fill suitability will also depend on the foundation subgrade soil at the 
selected construction site. 

The following observations and recommendations are relevant to the potential reuse of the 
stockpiled fill for construction of earthen dikes:  

• Surficial Topsoil and Organic Soil: Topsoil or organic rich soils at the Site within the 
recoverable limits of the stockpile should be segregated during excavation. Organic rich soils 
are not considered suitable or desirable for fill applications. Traces of organic matter were 
also observed on occasion at varying depths within the explorations. The stockpile may 
contain organic matter or debris that was not identified during the explorations. Topsoil and 
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organic material could be potentially reused in nonstructural applications, such as site 
restoration or landscaping. Based on the observed thickness of topsoil (average 1.3 feet) in 
the explorations and the assumed extent of the recoverable stockpile (13 acres), there may be 
approximately 28,000 cubic yards (cy) of topsoil on the stockpile. 

• Fine-Grained Soil: The fine-grained soils (50% or more passing the No. 200 sieve) observed 
in explorations consisted of predominately CL, ML, or CH. Based on observations from 
explorations, fine-grained fill represents approximately 80% of the stockpile material, 
excluding the topsoil. These soils observed appear to be generally suitable for reuse as dike 
fill in their current state, with the following considerations. Moisture content of some of the 
fine-grained fill was more than 2% higher than the optimum moisture content and would 
require some drying before compaction. Fine-grained fill compacted with a moisture content 
higher than optimum will typically have lower strength than compacted fill at or near the 
optimum moisture content. The strength parameters of compacted fine-grained fill are 
presented in Table 5 and should be taken into consideration during the design process to aid 
in the assessment of embankment stability. 

• Granular Soil: The granular soil (more than 50% retained on the No. 200 sieve) encountered 
on site may be used for fill applications where permeability and seepage control are not a 
design consideration. The granular soils on site are expected to have a higher permeability 
than the fine-grained soils and should not be used as a means to control seepage within a 
dike or embankment. Granular soils may be used in fill applications where drainage may be 
desirable, such as haul roads or toe berms. Granular soil (i.e., sand) represents approximately 
20% of the recoverable stockpile material samples, excluding topsoil. 

The sandier fill could potentially be mixed with the fine-grained soils to create a semi-impervious soil 
that may be suitable for dike fill applications. Successful mixing of sand and fine-grained soils will be 
largely dependent upon the contractor’s selected methods and effort. Small or thin discontinuous 
layers and pockets of sand found interbedded within the clay may potentially be mixed with clay 
material. Some degree of mixing will occur during the process of excavating, transporting, and 
placing the fill, but it is possible that large or continuous layers or pockets of sand will be 
encountered that may be inadequately blended with fine material by incidental mixing. Significant 
effort would be required to mix large volumes of sand with the clay. Segregating the sandier material 
encountered during excavation, particularly where it appears in thicker pockets or continuous layers, 
may be more practical than blending it into the fine-grained fill. Segregated sand material could be 
used for haul roads, toe berms, or stockpiled and left on site for the landfill owner to reuse for final 
grading during the landfill closure process.  

Water trapped within sand layers was observed on occasion during the Site investigation. Trapped 
water could potentially alter the moisture content of the surrounding fine-grained fill in areas during 
the excavation. Fill materials with greater than optimum moisture content may require drying to 
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meet compaction requirements. Drying soils can be very expensive, time consuming, and highly 
weather dependent. Any design for future use of the fill should take into account the observed 
moisture content and potential compaction requirements. 

Table 8 presents a generalized summary of the predominant soil types (i.e., topsoil, fine-grained or 
granular soils) and total thickness observed at each boring. The estimated percentage of fine-grained 
and granular soil is based on the observed thickness of these material types in each boring.  
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5 Preliminary Stockpile Removal Plan 
The objectives of the stockpile characterization included delineating the extent of the stockpile, 
refining the estimated volume of recoverable stockpile fill, and gathering information to support the 
development of a stockpile-removal plan. The investigation provided information to address these 
objectives, as described in this section. 

The extent of the stockpile is documented by surveys performed in 2008 and 2015 
(TM Engineering 2010, 2016), representing the ground surface before the stockpile was placed 
(approximately the current bottom of the stockpile) and the current ground surface (i.e., top of the 
stockpile). The 2015 survey shows areas of fill to the north and west of the stockpile. The apparent 
truncation on the left side of Section A-A’ in Figure 3 is a result of one area of this other fill. The 
stockpile volume estimate discussed in this section includes only the fill within the stockpile 
boundary shown on Figure 2.  

Prior to advancing the soil borings, the elevation of the bottom of the stockpile was expected to be 
somewhat lower than the elevations indicated by the 2008 survey because of consolidation of the 
waste and underlying soil under the load of the stockpile that would have occurred since the 2008 
survey was performed. This change was positively seen in three of the borings (AQ06, AQ11, and 
AQ12), where waste was first encountered approximately 2.5 feet lower than the elevation of the 
2008 survey at these points. Since this change was not positively identified in the other borings, the 
topography from the 2008 survey is conservatively assumed to represent the bottom the stockpile. 

To calculate the recoverable volume of stockpile material, adjustments were made to both the 2008 
and 2015 surveys to reflect anticipated removal operations. These adjustments are shown as red 
dashed lines on the sections in Figure 3. On average, approximately 1.3 feet of topsoil was observed 
in the borings and test pits. Anticipating that the topsoil would be removed and stored separately for 
future use before removing the stockpiled fill, 1.3 feet was subtracted from the surface created from 
the 2015 survey. To avoid potentially removing landfilled waste, a buffer of 3 feet above the surface 
created from the 2008 survey is proposed. Both of the adjustments reduce the calculated recoverable 
volume of the stockpile as compared to simply using the surfaces from the 2008 and 2015 surveys. 
Using these assumptions, the volume of recoverable fill in the stockpile is approximately 913,000 cy. 

The stockpile material is predominantly fine-grained soil consisting of low plasticity (lean) clay and 
silt with varying amounts of sand. The predominantly clay fill varies in color, including light gray, red, 
and brown. The predominantly sand fill in the stockpile is mostly moist in varying colors, including 
red, reddish brown, greenish brown, gray, and yellowish brown. In contrast to the stockpile material, 
the waste that was encountered was dark gray or black and had an odor at four of the borings. 
Representatives of Cristal USA reported that the waste material is typically either dark gray or black, 
as observed in this investigation, or orange. 
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The stockpile removal would be primarily guided by elevation based on the 2008 and 2015 surveys, 
as well as information from the explorations. The anticipated process is that work areas would be 
established and topsoil removed from an area and stockpiled for future use. Surface water controls 
would be established at stockpiles to control runoff and migration of soil. After topsoil is removed, 
clay fill would be removed from the stockpile and used immediately for construction or temporarily 
staged, if necessary, based on construction progress. Predominantly sand fill may be separated from 
the clay, if feasible, and used or stockpiled for later use. Work may progress in adjacent work areas to 
evenly lower the height of the stockpile until all the fill is used. The removal of the fill would progress 
until the bottom elevation (3 feet above the elevation of the 2008 survey) is reached unless waste 
material is encountered first. Waste material would be identified based on the characteristics 
described in this section (odor or dark gray, black, or orange color). 

The elastic silt fill found near the bottom of soil boring AQ05 is deeper than the proposed depth of 
stockpile removal in this area. As discussed in Section 3.1.1, the fill at this depth in this soil boring has 
properties (high moisture content and high organic content) that are inconsistent with the properties 
of the fill in any of the other explorations. Since this material is below the proposed depth of 
stockpile removal, the characteristics of these three samples should not be representative of the 
recoverable fill. 

As discussed in Section 4.3, approximately 80% of the stockpile, excluding the topsoil, appears to be 
fine-grained fill based on exploration samples. Using the volume of recoverable fill discussed in this 
section, the volume of fine-grained fill is estimated to be 736,000 cy, and the volume of coarser fill is 
estimated to be 177,000 cy. 
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6 Conclusions 
Based on available survey data and the subsurface conditions observed during our investigation, 
there is an estimate of 941,000 cy of recoverable stockpile material at the Site. The volume of fill that 
would be left in the stockpile as the 3-foot buffer above the waste is approximately 63,000 cy. The 
varying soil types observed in the explorations have been simplified into three main categories for 
discussion purposes: topsoil, fine-grained soils, and granular soils. The estimated volumes of each 
soil type is as follows: 

• 28,000 cy topsoil 
• 736,000 cy fine-grained soil (predominantly clay) 
• 177,000 cy granular soil (predominantly sand) 

The fill observed in this investigation appears to be generally suitable for a variety of nonresidential 
construction uses with the following considerations: 

• Pockets and layers of sand and sandier clay material were frequently observed. Sand and 
sandy clay material may not be suitable for all fill applications in constructing earthen dikes. 
Sand alone is not suitable for use where seepage control is required but may be used in other 
fill applications. Sand within the stockpile could either be segregated from the fine-grained fill 
or mixed with the existing fine-grained soils to create a semi-impervious soil for dike fill. Any 
blending or mixing of soils would require further testing and evaluation to determine if the 
blended soil meets the engineering design requirements for the desired application. Where 
the coarser fill appears in larger pockets or continuous layers, segregation of this material 
may be practical; blending with the fine-grained fill may be more practical for the more 
isolated pockets of sand. 

• The strength parameters of compacted fine-grained fill are presented in Table 5 and should 
be taken into consideration during design to assess stability.  

• The moisture content of some of the fine-grained soils at the time of the investigation were 
above the reported optimum value and may require some drying to meet compaction 
requirements for construction of certain structures, such as earthen dikes. Fine-grained soils 
are particularly sensitive to changes in moisture content and can be challenging to handle 
and compact, especially during periods of wet weather.  

• Pockets of water were observed in both test pits and soil borings. Trapped or perched water 
within the stockpile should be anticipated during excavation of the stockpile. Excess water 
perched in granular layers or pockets may alter the moisture content of the surrounding soils 
during excavation or mixing. Wetted fill material may require some drying to meet 
moisture-content requirements before placement. 

• Waste was not encountered at each exploration and was variable in composition. The 
strongest indicator of waste may be a contrast in color. Fill soils were typically reddish brown. 
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Waste material was typically darker in color, dark brown or gray to black, with an occasional 
odor (rotten eggs). When waste was encountered, it generally coincided with the anticipated 
elevation based on previous surveys. Allowing a 3-foot buffer above the elevation of the 2008 
survey should avoid potentially encountering waste during excavation of the stockpile. 

• The results of the chemical analyses of the stockpile samples confirmed previous 
characterization that the stockpiled fill meets state standards for reuse in a nonresidential 
setting. 
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7 Limitations and Qualifications 
The explorations performed and utilized for this evaluation only represent subsurface conditions at 
specific selected exploration locations across the Site. Actual conditions at other locations across the 
Site could vary, and the extent of such variation would not become evident until construction or 
additional explorations are performed. If significant variations are observed, the conclusions and 
recommendations contained in this report may need to be modified to reflect the extent of 
variations and the actual Site conditions observed.  

The scope of our environmental assessment is limited to the evaluation of metals, listed in Tables 6 
and 7. The scope of our services did not include the assessment for the presence or absence of other 
hazardous or toxic materials in the soils, surface water, groundwater, or air at the Site. 
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Table 1 
Exploration Summary
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Page 1 of 1
June 2017

Exploration ID
Proposed Easting 

(feet)
 Proposed Northing 

(feet)
Actual Easting 

(feet)
Actual Northing 

(feet)

Distance from 
Proposed 

Location (feet)

Ground Surface 
Elevation 

(feet MLLW)
Termination 
Depth (feet)

Termination 
Elevation (feet)

AQ01 1,441,040.27 559,937.50 1,441,041.21 559,943.21 6 80.0 27 53.0

AQ02 1,441,228.51 559,847.44 1,441,225.03 559,848.97 4 98.9 52 46.9

AQ03 1,441,427.67 559,895.54 1,441,421.96 559,893.87 6 79.0 50 29.0

AQ04 1,441,639.31 559,776.22 1,441,639.70 559,778.15 2 79.0 35 44.0

AQ05 1,441,491.73 559,692.04 1,441,493.08 559,692.10 1 118.8 92 26.8

AQ06 1,441,685.48 559,570.16 1,441,686.09 559,571.58 2 118.0 39 79.0

AQ07 1,441,594.12 559,461.36 1,441,590.29 559,465.66 6 117.6 35 82.6

AQ08 1,441,390.69 559,460.79 1,441,390.80 559,462.61 2 144.0 67 77.0

AQ09 1,441,421.00 559,297.50 1,441,421.71 559,298.59 1 99.5 23 76.5

AQ10 1,441,207.00 559,337.41 1,441,205.99 559,351.09 14 100.0 21 79.0

AQ11 1,441,136.69 559,624.16 1,441,136.23 559,627.48 3 100.0 86 14.0

AQ12 1,440,997.55 559,760.49 1,440,999.85 559,765.42 5 80.0 39 41.0

TP01 1,441,163.92 559,796.83 1,441,172.46 559,792.52 10 121.0 10.6 110.4

TP02 1,441,352.87 559,869.10 1,441,413.51 559,837.50 68 98.4 10.5 87.9

TP04 1,441,638.54 559,636.01 1,441,630.93 559,629.54 10 116.8 11.0 105.8

TP05 1,441,568.74 559,423.21 1,441,506.23 559,362.51 87 99.3 8.8 90.5

TP06 1,441,410.21 559,543.80 1,441,411.21 559,544.15 1 142.6 11.1 131.5

TP08 1,441,209.09 559,514.24 1,441,058.00 559,656.23 207 80.8 7.1 73.7

TP08A 1,441,209.09 559,514.24 1,441,006.23 559,755.44 315 80.5 10.2 70.3

Notes:
Eastings and northings are in Maryland State Plane Coordinates, North American Datum of 1983, U.S. feet.
MLLW: mean lower low water
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Top Bottom Liquid Limit Plastic Limit Plasticity Index % Gravel % Sand % Fines
AQ01 S1 0 2 CL 14.6%

AQ01 S2 3 5 Lean clay with sand (CL) 12.7% 37 20 17 0.0% 17.8% 82.2%

AQ01 S3 8 10 Clayey Sand (SC) 13.9% 0.2% 54.5% 45.3% 2.67 1.7%

AQ01 S4A 13 15 Lean clay with sand (CL) 9.6% 22 13 9

AQ01 S4B 13 15 CL 10.7%

AQ01 S5 18 20 CL 12.5%

AQ01 S6 23 25 Clayey sand (SC) 8.8% 24.4%

AQ02 S1 0 2 CL 15.5%

AQ02 S2 3 5 CL 18.3%

AQ02 S3 8 10 CL 17.0%

AQ02 S4 13 15 Lean clay with sand (CL) 16.5% 36 17 19 0.2% 25.3% 74.5% 2.71 1.4%

AQ02 S5 18 20 CL 18.8%

AQ02 S6 23 25 Clayey sand (SC) 10.0% 16.0% 53.1% 30.9%

AQ02 S7 28 30 SC 11.9%

AQ02 S8 33 35 SC 8.1%

AQ02 S9 38 40 Lean clay (CL)  13.8% 37 19 18

AQ02 S10 40 42 Clayey Sand (SC) 12.1% 47.6%

AQ02 S11 42 44 CL 14.6%

AQ02 S12 44 46 Lean clay with sand (CL) 15.7% 38 18 20 1.3% 22.2% 76.5% 2.0%

AQ02 S13 46 48 CL 10.6%

AQ02 S14 48 50 CL 11.7%

AQ03 S1 0 2 CL-ML 23.8%

AQ03 S2 3 5 Lean clay (CL)  20.5% 45 22 23 0.0% 14.9% 85.1%

AQ03 S3 8 10 Lean clay with sand (CL) 20.6% 34 17 17

AQ03 S4 13 15 CL 20.4%

AQ03 S5 18 20 CL 19.1%

AQ03 S6 23 25 Lean clay with sand (CL) 15.5% 39 18 21 0.0% 20.9% 79.1% 2.72 1.5%

AQ03 S7 28 30 CL 10.8%

AQ03 S8 33 35 CL 14.4%

AQ03 S9 38 40 SC-SM 14.5% 4.5%

AQ03 S10 40 42 Sandy lean Clay (CL) 14.4% 30 18 12 2.3%

AQ03 S11 42 44 CL 16.1%

AQ03 S12 44 46 Lean clay with sand (CL) 13.5% 32 15 17 0.2% 38.7% 61.1%

AQ03 S13 46 48 CL 13.4%

AQ04 S1 0 2 CL-ML 15.7%

AQ04 S2 3 5 Lean clay with sand (CL) 17.1% 35 17 18 0.0% 18.9% 81.1%

AQ04 S3 8 10 SC 12.5% 1.1% 81.2% 17.7%

AQ04 S4 13 15 CL 18.4%

AQ04 S5 18 20 Lean clay (CL) 16.4% 40 20 20

Sample Depth (feet) Atterberg Limits

Specific Gravity Organic Content (%)Moisture Content (%)

Particle Size 

Location ID Sample ID USCS1
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Top Bottom Liquid Limit Plastic Limit Plasticity Index % Gravel % Sand % Fines

Sample Depth (feet) Atterberg Limits

Specific Gravity Organic Content (%)Moisture Content (%)

Particle Size 

Location ID Sample ID USCS1

AQ04 S6 23 25 CL 14.7%

AQ04 S7 25 27 CL 14.5%

AQ04 S8 27 29 Fat clay with sand (CH) 15.7% 57 22 35 0.0% 15.3% 84.7% 2.73

AQ04 S9 29 31 Lean clay (CL) 16.9% 42 19 23

AQ04 S10 31 33 CL 22.0%

AQ05 S1 0 2 CL 18.8%

AQ05 S2 3 5 CL 20.1%

AQ05 S3A 8 10 CL 15.2%

AQ05 S3B 8 10 CH 17.0%

AQ05 S4 13 15 Fat clay (CH) 17.7% 56 20 36 0.0% 9.5% 90.5%

AQ05 S5 18 20 CH 18.2%

AQ05 S6 23 25 CH 17.5%

AQ05 S7 28 30 Clayey Sand (SC) 11.3% 0.0% 84.8% 15.2% 2.66

AQ05 S8 33 35 SC 11.7%

AQ05 S9 38 40 Clayey sand (SC) 13.6% 23 12 11 0.0% 69.4% 30.6% 1.6%

AQ05 S10 43 45 Clayey sand (SC) 12.7% 0.0% 50.6% 49.4%

AQ05 S11 48 50 SC 12.3%

AQ05 S12 53 55 Clayey sand (SC) 28.0% 32.8%

AQ05 S13 58 60 CL 15.1%

AQ05 S14 63 65 Lean clay (CL) 15.3% 39 17 22

AQ05 S15 68 70 CL 15.1%

AQ05 S16A 74 76 Lean clay (CL) 17.4% 24 15 9 4.2%

AQ05 S16B 74 76 CL 15.0%

AQ05 S17 76 78 CL 12.4%

AQ05 S18A 78 80 CL 10.5%

AQ05 S18B 78 80 CL 14.4%

AQ05 S19A 80 82 CL 15.1%

AQ05 S19B 80 82 CL 12.3%

AQ05 S20 82 84 Lean clay with sand (CL) 11.6% 32 15 17 11.1% 29.4% 59.5% 1.3%

AQ05 S21 84 86 MH 64.3%

AQ05 S22 86 88 MH 58.1%

AQ05 S23 88 90 Elastic Silt (MH) 58.9% 60 49 11 0.0% 0.9% 99.1% 12.6%

AQ06 S1 0 2 ML 12.7%

AQ06 S2 3 5 Lean clay with sand (CL) 20.5% 30 17 13 0.0% 19.4% 80.6%

AQ06 S3 8 10 CL 22.8%

AQ06 S4 13 15 CL 17.0%

AQ06 S5 18 20 SC 10.5%

AQ06 S6 23 25 Lean clay (CL) 14.6% 32 16 16 2.66

AQ06 S7A 25 26.5 CL 15.5%
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Top Bottom Liquid Limit Plastic Limit Plasticity Index % Gravel % Sand % Fines

Sample Depth (feet) Atterberg Limits

Specific Gravity Organic Content (%)Moisture Content (%)

Particle Size 

Location ID Sample ID USCS1

AQ06 S7B 26.5 27 Clayey Sand (SC) 9.9% 18.7%

AQ06 S8 27 29 SC 12.1%

AQ06 S9 29 31 SC 9.7%

AQ06 S10 31 33 Poorly graded sand (SP-SC) 6.6% 0.0% 90.5% 9.5%

AQ06 S11 33 35 SP-SC 9.2%

AQ06 S12 35 37 Lean clay (CL) 13.0% 30 17 13

AQ07 S1 0 2 SM 18.1%

AQ07 S2 3 5 CL 19.8%

AQ07 S3 8 10 Lean clay with sand (CL) 17.2% 36 18 18 0.0% 19.8% 80.2% 2.71

AQ07 S4 13 15 CL 17.6%

AQ07 S5 18 20 Clayey sand (SC) 12.5% 4.7% 57.5% 37.8% 2.5%

AQ07 S6 23 25 Lean clay (CL) 19.0% 39 19 20

AQ07 S7 25 27 CL 13.8%

AQ07 S8 27 29 CL 16.2%

AQ07 S9 29 31 Clayey Sand (SC) 13.2% 4.2% 60.8% 35.0%

AQ08 S1 0 2 CL 18.3%

AQ08 S2 3 5 Lean clay (CL)  17.2% 48 22 26 0.0% 4.1% 95.9%

AQ08 S3 8 10 CL 16.0%

AQ08 S4 13 15 CL 19.2%

AQ08 S5 18 20 Lean clay with sand (CL) 14.4% 33 16 17 0.0% 26.6% 73.4% 2.69

AQ08 S6 23 25 CL 14.2%

AQ08 S7 28 30 CL 15.4%

AQ08 S8 33 35 Lean clay (CL)  14.6% 0.0% 27.6% 72.4% 2.0%

AQ08 S9 38 40 Silt with sand (ML) 16.7% 0.0% 15.4% 84.6%

AQ08 S10 43 45 CL 18.2%

AQ08 S11 48 50 CL 14.8%

AQ08 S12 53 55 CL 15.4% 1.5%

AQ08 S13 55 57 Lean clay (CL)  11.5% 38 16 22

AQ08 S14 57 59 CL 12.7%

AQ08 S15 59 61 Lean clay (CL)  16.4% 40 19 21

AQ08 S16 61 63 Silty sand (SM) 11.5% 0.5% 63.9% 35.6%

AQ09 S1 0 2 SM 27.2%

AQ09 S2 3 5 CL 17.9% 2.8%

AQ09 S3 8 10 Lean clay with sand (CL) 18.9% 36 18 18 0.0% 18.7% 81.3%

AQ09 S4 13 15 CL 17.6% 2.4%

AQ09 S5 15 17 CL 13.6%

AQ09 S6 17 19 Poorly graded sand (SP-SC) 13.1% 0.0% 88.9% 11.1% 2.66

AQ09 S7 19 21 SP-SC 14.9%

AQ10 S1 0 2 SM 14.6%
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Top Bottom Liquid Limit Plastic Limit Plasticity Index % Gravel % Sand % Fines

Sample Depth (feet) Atterberg Limits

Specific Gravity Organic Content (%)Moisture Content (%)

Particle Size 

Location ID Sample ID USCS1

AQ10 S2 3 5 Lean clay with sand (CL) 18.2% 39 19 20 0.2% 16.0% 83.8%

AQ10 S3 8 10 CL 13.6% 2.7

AQ10 S4 13 15 CL

AQ10 S5 15 17 Silty sand (SM) 7.5% 0.0% 84.8% 15.2%

AQ11 S1 0 2 SM 23.9%

AQ11 S2 3 5 CL 15.3%

AQ11 S3 8 10 Sandy lean clay (CL) 13.7% 28 15 13 0.1% 39.1% 60.8%

AQ11 S4 13 15 CL 12.3%

AQ11 S5 18 20 Sandy lean clay (CL) 11.9% 50.9%

AQ11 S6 23 25 CL 19.0%

AQ11 S7 28 30 CL 17.3%

AQ11 S8 33 35 CL 15.0%

AQ11 S9 38 40 Lean clay with sand (CL) 13.0% 31 15 16 0.0% 20.7% 79.3%

AQ11 S10 43 45 CL 16.8%

AQ11 S11 48 50 CL 13.1%

AQ11 S12 53 55 Clayey sand (SC) 9.2% 35.9%

AQ11 S13 58 60 CL 15.7%

AQ11 S14 63 65 CL 13.5%

AQ11 S15 68 70 Lean clay (CL) 19.8% 40 21 19

AQ11 S16 70 72 CL 16.2%

AQ11 S17 72 74 CL 13.7%

AQ11 S18 74 76 CL 13.4%

AQ11 S19 76 78 CL 18.0%

AQ11 S20 78 80 CL 18.5%

AQ11 S21 80 82 CL 16.6%

AQ11 S22 82 84 Lean clay (CL) 15.5% 46 19 27 0.0% 8.1% 91.9% 2.69

AQ12 S1 0 2 CL 18.0%

AQ12 S2 3 5 Lean clay with sand (CL) 17.1% 25 11 14 67.6% 2.74

AQ12 S3 8 10 CL 12.4%

AQ12 S4 13 15 Clayey sand (SC) 15.2% 0.4% 59.8% 39.8%

AQ12 S5 18 20 Lean clay with sand (CL) 19.1% 50.9%

AQ12 S6 23 25 CL 9.9%

AQ12 S7 25 27 Lean clay with sand (CL) 18.1% 42 21 21

AQ12 S8 27 29 CL 14.5%

AQ12 S9 29 31 CL 13.3%

AQ12 S10 31 33 Clayey sand (SC) 12.0% 0.8% 57.3% 41.9% 2.67 1.5%

AQ12 S11 33 35 CL 12.1%

AQ12 S12 35 37 Lean clay with sand (CL) 17.8% 41 20 21

TP01 -- 0 10.6 Lean clay with sand (CL) 13.7% 31 15 16 0.6% 22.9% 76.5% 2.72 1.2%
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Top Bottom Liquid Limit Plastic Limit Plasticity Index % Gravel % Sand % Fines

Sample Depth (feet) Atterberg Limits

Specific Gravity Organic Content (%)Moisture Content (%)

Particle Size 

Location ID Sample ID USCS1

TP02 -- 0 10.5 Lean clay with sand (CL) 16.6% 37 16 21 0.2% 16.1% 83.7% 2.73 1.4%

TP04 -- 0 11 Lean clay with sand (CL) 19.1% 42 21 21 1.8% 21.7% 76.5% 2.71 1.4%

TP05 -- 0 8.8 Lean clay (CL) 17.8% 38 19 19 0.6% 13.1% 86.3% 2.72 1.2%

TP06 -- 0 11.1 Lean clay with sand (CL) 16.0% 39 16 23 0.0% 15.2% 84.8% 2.69 2.0%

TP08A -- 0 10.2 Sandy lean clay (CL) 13.6% 28 13 15 0.3% 43.7% 56.0% 2.66 0.8%

Notes:
Complete geotechnical reports are provided in Appendix A.

USCS: Unified Soil Classification System
1. Soil classification is based on visual observations and, where available, supporting laboratory data.



Table 3
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Top Bottom
TP01 0 10.6 14% 13.2% 119.9

TP02 0 10.5 17% 14.9% 115

TP04 0 11 19% 13.6% 116.3

TP05 0 8.8 18% 16.4% 111.7

TP06 0 11.1 16% 14.0% 112.2

TP08A 0 10.2 14% 12.2% 120.9

Notes:
Complete geotechnical reports are provided in Appendix A.
pcf: pounds per cubic foot

Optimum Moisture (%) Maximum Dry Density (pcf)Location ID

Sample Depth (feet)

As Received Moisture (%)
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Top Bottom
TP01 0 10.6 2.72 13.0% 113.2 119.9 94.4% 1.20E-07

TP02 0 10.5 2.73 14.9% 108.3 115.0 94.2% 9.90E-08

TP04 0 11 2.71 13.6% 109.9 116.3 94.5% 9.10E-08

TP05 0 8.8 2.72 14.5% 105.5 111.7 94.4% 9.40E-07

TP06 0 11.1 2.69 14.5% 105.9 112.2 94.4% 1.20E-06

TP08A 0 10.2 2.66 12.1% 114.7 120.9 94.9% 4.00E-07

Notes:
Complete geotechnical reports are provided in Appendix A.

1. Permeability at 20o C with at 6 psi effective stress.
cm/sec: centimeters per second
pcf: pounds per cubic foot
psi: pounds per square inch

Max Dry Density (pcf) % Compaction
Permeability 

(cm/sec)1Location ID Specific Gravity

Sample Depth (feet) Initial Moisture 
Content w0 (%) Initial Dry Density (pcf)
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Location ID
Initial Moisture 

Content (%)
Optimum 

Moisture (%)
Initial Dry 

Density (pcf)
Max Dry 

Density (pcf) % Compaction
Major Principle Effective Stress at 

Failures (psf [σ'1f])
Minor Principle Effective Stress at 

Failures (psf [σ'3f]) Effective Cohesion1 C' (psf) Effective Friction Angle1 φ' (deg)
13.0% 13.2% 114 119.9 95.1% 1668 663

13.1% 13.2% 114 119.9 95.1% 2596 853

13.0% 13.2% 114 119.9 95.1% 5488 2550

15.8% 14.9% 108 115.0 93.9% 1410 483

15.8% 14.9% 108 115.0 93.9% 2742 1104

15.8% 14.9% 108 115.0 93.9% 5388 2298

13.4% 13.6% 111 116.3 95.4% 1970 872

13.3% 13.6% 111 116.3 95.4% 3635 1337

13.5% 13.6% 111 116.3 95.4% 5800 2233

16.7% 16.4% 106 111.7 94.9% 1234 350

16.4% 16.4% 106 111.7 94.9% 2572 899

16.7% 16.4% 106 111.7 94.9% 5083 1751

14.9% 14.0% 106 112.2 94.5% 1356 454

14.6% 14.0% 106 112.2 94.5% 2847 836

14.5% 14.0% 106 112.2 94.5% 5178 2032

15.2% 12.2% 112 120.9 92.6% 1606 689

16.0% 12.2% 111 120.9 91.8% 2125 708

15.9% 12.2% 111 120.9 91.8% 4493 1567

Notes:
Complete geotechnical reports are provided in Appendix A. Refer to Figure 4 for data plots and derivation of c' and φ' and values.
1.  values for c' and φ' determined from best fit straight line as reported by testing laboratory.
deg: degrees
pcf: pounds per cubic foot
psf: pounds per square foot

25.5

114

232 18.4

22.0

28.0

TP08A

TP06

0 27

170 23.8

TP01

TP02

TP04

TP05 58

0



Table 6
Chemical Characterization Results
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Moisture (%) 10.4 15.7 21.0 17.8 12.5 12.8 15.5 13.9 14.2 16.0 13.7 13.2 10.2 NA

Antimony 0.30 0.13 0.71 0.099 J F 0.71 0.30 0.19 0.18 0.16 0.23 0.30 0.41 0.17 1.1 J

Arsenic 3.5 1.5 3.3 3.2 F 4.3 3.3 1.4 2.6 3.8 3.4 3.1 3.7 3.4 0.40 J

Beryllium 0.75 J 0.36 J 0.92 J 0.63 J 0.22 J 0.46 J 0.22 J 0.64 J 0.24 J 0.64 J 1.3 J 0.50 J 0.33 J 1.0 U 

Cadmium 0.075 0.059 U 0.16 0.0090 J 0.14 0.026 J 0.022 J 0.022 J 0.017 J 0.051 J 0.050 J 0.062 0.037 J 1.0 U 

Chromium 29 19 35 13 F 28 29 22 20 12 28 28 31 20 0.74 J

Copper 17 6.6 22 19 F 27 13 9.0 11 11 10 20 22 13 5.0 B

Lead 6.2 1.5 7.6 3.2 F 9.3 8.0 5.6 3.8 3.2 4.9 11 19 3.0 1.0 U 

Nickel 6.0 B 3.1 B 5.7 B 22 B F 5.1 B 4.8 B 2.9 B 5.3 B 4.4 B 4.7 B 10 B 8.5 B 12 B 1.0 U 

Selenium 0.76 0.83 1.0 2.2 F 0.42 0.78 0.50 1.1 0.74 0.86 1.1 0.89 0.59 5.0 U 

Silver 0.21 0.021 J 0.45 0.014 J 0.35 0.32 0.018 J 0.015 J 0.058 0.080 0.035 J 0.089 0.034 J 1.0 U 

Thallium 0.047 J 0.024 J 0.035 J 0.091 J 0.041 J 0.042 J 0.033 J 0.041 J 0.042 J 0.032 J 0.042 J 0.048 J 0.034 J 1.0 U 

Zinc 20 3.2 23 4.7 F 25 13 7.1 10 7.5 10 24 30 15 5.0 B

Mercury 0.027 0.020 U 0.051 0.021 U 0.057 0.029 0.021 U 0.018 U 0.012 J 0.0070 J 0.030 0.0086 J 0.0075 J 0.20 U 

Notes:

Analyses were performed by TestAmerica Pittsburgh. Soil samples were analyzed using EPA method 6020A for all metals except mercury and 7471B for mercury.
The complete laboratory report is provided in Appendix B.
B: The constituent was detected in the blank as well as in the sample.
F: The matrix spike or matrix spike duplicate recovery was outside the quality assurance limits indicating potential matrix interference with the analytical result.

mg/kg: milligrams of constituent per kilograms of sample
NA: not applicable
U: The constituent was not detected. The reporting limit is shown.

J: The constituent was positively detected at a concentration below the reporting limit.  The concentration reported is an estimated value.  The J qualifier was added to beryllium and thallium results based on inconsistencies between concentrations in the target and field duplicate samples as 
explained in the text of the report.

Metals (mg/kg)

3/9/173/2/173/2/173/6/173/2/17 3/2/17 3/3/17 3/6/173/7/17

Sample Location and Date

Rinsate Blank

All samples were composites prepared from three intervals in the respective soil boring from the top, middle, and bottom of the boring. Refer to the soil boring logs for the specific intervals collected for chemical analysis.

3/9/17 3/8/17 2/28/173/8/17

AQ12AQ10

3/9/17

AQ01 AQ02 AQ03 AQ04 AQ11 AQ11-FDAQ05 AQ06 AQ07 AQ08 AQ09
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Minimum Maximum Arithmetic Mean Category 2 Category 3
Antimony 0.099 0.71 0.30 41 47 467

Arsenic 1.4 4.3 3.1 3.6* 3.0 30

Beryllium 0.22 1.3 0.54 200 230 2,290

Cadmium 0.009 0.16 0.055 51 98 982

Chromium 12 35 24 310

Chromium(III) 180,000 1,800,000

Chromium(VI) 6.3 63.3

Copper 6.6 27 15 4,100 4,700 46,700

Lead 1.5 19 6.7 1,000 800 3,850

Nickel 2.9 22 7.4 2,000 810 8,150

Selenium 0.42 2.2 0.92 510 580 5,840

Silver 0.014 0.45 0.12 510 580 5,840

Thallium 0.024 0.091 0.042 7.2 1.2 11.7

Zinc 3.2 30 14 31,000 35,000 350,000

Mercury 0.007 0.057 0.024 31 35 350

Notes:

* Per Appendix 2 of the 2008 guidance, the standard for arsenic is the Anticipated Typical Concentration (background).
mg/kg: milligrams of constituent per kilograms of sample

1. Soil cleanup standards from the State of Maryland Department of the Environment Cleanup Standards for Soil and Groundwater,  Interim Final Guidance (Update No. 2.1), June 2008.
2. Soil reuse standards from Innovative Reuse and Beneficial Use of Dredged Material Draft Guidance Document,  March 2017.

Metals

Summary of Concentrations in Soil Borings (mg/kg) Nonresidential 

Cleanup Standard1

Nonresidential Standards2
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Approximate Quantities of Soil Types
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Boring
Topsoil Thickness

(feet)
Thickness of Fine-Grained Soil

(feet)
Thickness of Granular Soil

(feet)
Total Boring Depth

(feet) % Fine-Grained Soil % Granular Soil 
AQ01 0.8 18.7 7.5 27 71% 29%

AQ02 0.8 34.7 16.5 52 68% 32%

AQ03 1.0 45.4 3.6 50 93% 7%

AQ04 0.8 32.2 2 35 94% 6%

AQ05 0.7 67.8 23.5 92 74% 26%

AQ06 2.5 25 11.5 39 68% 32%

AQ07 3.5 26 5.5 35 83% 17%

AQ08 0.4 61.6 5 67 93% 8%

AQ09 0.5 18 4.5 23 80% 20%

AQ10 1.1 14.9 5 21 75% 25%

AQ11 3.0 73 9.3 86 88% 11%

AQ12 0.3 31.2 7.5 39 81% 19%

Notes:

Fine-Grained Soil - 50% or more passes the No. 200 sieve
Granular Soils - more than 50% retained on the No. 200 sieve
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1.0 INTRODUCTION 

This geotechnical investigation was conducted for the Cristal USA Stockpile 
Characterization project in the Hawkins Point area of Baltimore, Maryland. The 
investigation was conducted for ANCHOR QEA, LLC (AQ) Principal Consultants to The 
Maryland Environmental Service (MES). The investigation was conducted in general 
accordance with E2CR, Inc. (E2CR) proposal dated August 10, 2016, and was authorized 
by AQ. 

2.0 PROJECT AND SITE DESCRIPTION 

The project location is the “30-acre” Hawkins Point Plant (HPP) Industrial Waste 
Landfill at the Cristal USA Facility. The site is located at 3901 Fort Armistead Road in 
Baltimore, Maryland. In 2011, a stockpile of clay fill was stored on the landfill with the 
approval of the Maryland Department of the Environment (MDE). The quantity of 
stockpiled fill was estimated to be approximately 1,000,000 cubic yards. It is our 
understanding that this stockpiled fill was clean, i.e. not contaminated, and could be used 
for future development(s) of the site. The Site Vicinity Map and Aerial Photograph are 
shown on Figure 1 and Figure 2, respectively, in Appendix A.  

3.0 PURPOSE AND SCOPE 

The purpose of the investigation was to delineate the lateral and vertical extent of the 
stockpile which would be used to develop a plan for removal of stockpiled material not in 
contact with the underlying waste; identify differences between the stockpiled fill and the 
waste to avoid disturbance of waste during removal of fill from the stockpile; and 
characterize the properties of the stockpile material for potential use in future 
development of the site.  

The evaluation of the stockpiled material was to be performed by subsurface exploration 
(i.e. soil test borings and test pits) and geotechnical laboratory testing. A qualified 
geotechnical engineer or geologist would characterize the stockpiled fill through direct 
observation of materials encountered in the borings and test pits.  

Our scope of services was changed prior to start of the field investigation and is discussed 
in Section 4.0. Our initial scope of services, as directed by AQ, included the following: 

1) Meet with AQ to discuss scope, schedule, deliverables, etc. 
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2) Prepare a Site Specific Health and Safety Plan 

3) Prepare a Subsurface Investigation Plan for drilling borings and test pits inside the 

Landfill Areas 3 and 4. The plan would identify the number & location of the borings, 

sampling depth & intervals, drilling method, observation and field monitoring 

criteria, etc. 

4) Conduct the Field Investigation as follows: 

 The borings were to be drilled using a Track/ATV mounted Drill Rig. 

 The boreholes were to be advanced with 3.25” diameter (ID) Hollow Stem 

Augers (HSA). 

 The augers and tools were to be steam cleaned before and after mobilizing and 

demobilizing 

 Level-D PPE was anticipated for Drill Crew, at any time. 

 Drilling and samples were not to be monitored and/or checked for the presence 

of contamination and samples were not be collected for analytical testing. 

 Augers and drilling tools were not to be decontaminated between the samples 

and/or borings. 

 A total of 12 borings were to be drilled to an average depth of 55 feet, each.  

 Subsurface Samples were to be obtained using a standard Split Spoon Sampler. 

 SPT (Standard Penetration Test) Samples were to be obtained continuously with 

depth in the initial 2 borings and at 5 foot intervals in the remaining 10 borings to 

the termination depths.  

 The borings were to be terminated at the elevation of the road around the 

perimeter of the landfill unless waste was encountered first, i.e. waste was 

encountered at higher elevation.  

 The boreholes were to be grouted with cement-bentonite slurry. Excess spoil was 

to be evenly spread around the borings.  If waste was encountered, the boring was 

to be terminated and the waste was to be containerized in drums or other suitable 
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containers. TCLP testing was to be performed and material was to be disposed of 

accordingly. 

 After drilling borings, test pits were to be excavated at 8 locations adjacent to 

previously drilled borings to obtain bulk subsurface samples and to better define 

the subsurface conditions. The test pits were to be excavated using a back-hoe to 

depths of 10 feet to 14 feet below existing ground surface. Test pits were to be 

backfilled with excavated materials and tamped with back-hoe bucket to the best 

extent possible.   E2CR would not be responsible for any future settlements of the 

backfill in the test pit locations. 

5) Geotechnical Laboratory Tests were to be performed on selected soil samples. The 

tests included the following: 

 Natural Moisture Content (ASTM D2216; on all samples) 

 Atterberg Limits (ASTM D4318; on approximately 1/3 of the samples) 

 Gradation Analysis (ASTM D422; on approximately ¼ of the samples) 

 Organic Content tests 

 Torvane & Pocket Penetrometer tests 

 Moisture Density Relationship (ASTM D1557; on 8 bulk samples from the test 

pits) 

 Specific Gravity tests (ASTM D854; 1 per boring) 

 Permeability (on compacted bulk samples) 

 Triaxial CUs with Pore Pressure (ASTM D4767; on 8 bulk samples from the test 

pits. Samples compacted to 95% of maximum dry density. Three separate tests 

each at three different confining pressures were to be completed on each of the 8 

samples) 

 Since E2CR did not have Triaxial testing capability, the bulk samples were to be 

mailed to an outside lab (to be designated by AQ) to perform the Permeability and 

Triaxial CU tests. 
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6) Prepare a Geotechnical Data Report on the sampling program. The report was to 

include a summary of sampling and laboratory approach, Boring Logs, Test Pit Logs 

and Laboratory Test Results.  

 

Our scope did not include the following: 

a) Specific Analysis, Design and/or Recommendations.   

b) Ground Contamination - Sampling, testing and evaluations. 

c) Defining the vertical and lateral extent and quantity estimation of clean and/or 

suitable materials. 

d) Evaluating the properties of the waste deposit in the landfill. 

e) Cost Estimation. 

4.0 FIELD INVESTIGATION 

The field investigation was conducted in February and March, 2017.   
 
Our initial scope of services was to drill 12 borings to an average depth of 55 feet, each. 
Prior to starting the field investigation, the drilling criteria was changed. Standard 
penetration tests (SPT) were to be conducted and split spoon samples were to be obtained 
in each boring at depth intervals of 5 feet up to 10 feet above the estimated elevation of 
the waste; and then continuous sampling was to be performed until the waste was 
encountered. The borings were to be terminated after encountering 1 sample of the waste 
material. However, if waste was not encountered at the anticipated elevation, then the 
boring was to be terminated after taking a few extra samples. AQ field representative 
would decide when the boring should be terminated. 
 
A total of twelve (12) borings (AQ-01 through AQ-12) were drilled and seven (7) test 
pits (TP-01, TP-02, TP-04, TP-05, TP-06, TP-08, TP-08A) were excavated at the 
locations shown on Figure 3 in Appendix A. The borings were drilled to depths of 21 feet 
to 92 feet and the test pits were excavated to depths of 7 feet to 11 feet below the existing 
ground surface. The borings and test pits were drilled and excavated at the designated 
location unless the boring or test pit location(s) had to be offset because of difficulty in 
accessing the boring or test pit location.  
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The borings were drilled using a track mounted drill rig and in accordance with ASTM 
D1452 - Standard Method of Test for Progressing Auger Borings for Geotechnical 
Explorations. SPT soil sampling was performed in accordance with ASTM D1586 - 
Standard Method of Test for Penetration Test and Split-Barrel Sampling of Soils.  
Sampling criteria was changed during the field investigation and is discussed above. AQ 
field representative decided when the boring should be terminated. All the borings except 
borings AQ-1, AQ-3 and AQ-10 were terminated based on the above criteria. Borings 
AQ-1, AQ-3 and AQ-10 were terminated at depths of 26.5 feet, 49 feet and 19 feet, 
respectively after encountering “wet” samples. Pocket penetrometer and torvane tests 
were conducted on the clay samples.  
 
A representative portion of each SPT sample was placed in an airtight glass jar and was 
appropriately marked.  Composite environmental samples were collected from split 
spoon samples near the top of the boring (i.e. ground surface), middle of the boring; and 
at about 10 feet above the anticipated elevation of the waste.  
 
All the recovery from the split spoon samples of the waste or possible waste was 
containerized and sealed. The sealed container was handed over to the Landfill operator 
for disposal.  
 
The test pits were excavated using a track back hoe and were terminated when consistent 
material was observed in the test pits. AQ field representative decided the termination 
depth of the test pits. Bulk (bucket) samples were obtained from the excavated test pits. 
 
All jar samples were sent to our laboratory for further evaluation and testing to determine 
their engineering properties and characteristics. Environmental samples were handed over 
to AQ representative for preservation and further testing. The assigned bulk soil samples 
were sent to Geotesting Express, Inc for advanced geotechnical laboratory testing. 

Groundwater level was monitored during drilling and after completion of drilling. 
Groundwater was not encountered in the borings and test pits within the depths explored. 
Wet samples were recovered in boring AQ-1 at a depth of 26.5 feet (i.e. sample S-7); in 
boring AQ-3 at a depth of 49 feet (i.e. sample S-14); and in boring AQ-10 at a depth of 
19 feet (i.e. sample S-7). These borings were terminated after the wet samples were 
encountered.  
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All field operations were monitored by a geotechnical engineer from E2CR who recorded 
the observations on the field boring logs and test pit logs. The representative from AQ 
determined the termination depths of the borings and test pits. The edited logs of the 
borings and test pits are included in Appendix B.  A summary of the boring and test pit 
data is included in Table 1 below and in Table B-1 in Appendix B: 

Table 1: Summary of Borings 

Boring No. Elevation1 
(feet) 

Depth2 
(feet) 

AQ-01 80 27 
AQ-02 98.9 52 
AQ-03 79 50 
AQ-04 79 35 
AQ-05 118.8 92 
AQ-06 118 39 
AQ-07 117.6 35 
AQ-08 144 67 
AQ-09 99.5 23 
AQ-10 100 21 
AQ-11 100 85.3 
AQ-12 80 39 
TP-01 121 10.6 
TP-02 98.4 10.5 
TP-04 116.8 11 
TP-05 99.3 8.7 
TP-06 142.6 11.1 
TP-08 80.8 7.1 

TP-08A 80.5 10.2 
1. Elevations based on drilled boring locations and excavated test pits provided by AQ 
2. Measured from the existing ground surface 

5.0 LABORATORY TESTING 

All soil samples recovered from the soil test borings were transported to our laboratory 
and were visually inspected by a geotechnical engineer to corroborate and/or modify the 
field classification. Selected samples were subjected to various testing to determine their 
engineering characteristics based on assignments provided by AQ. 
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Laboratory tests conducted on soil samples included the following: 
 Natural moisture content, 
 Sieve analysis, 
 Atterberg limits tests, 
 Specific gravity tests 
 Organic content tests, 

All tests were performed in accordance with applicable AASHTO/ASTM procedures.  
All the assigned tests were on the existing fill.   

The assigned soil bulk samples were sent to Geotesting Express, Inc for advanced 
geotechnical laboratory testing. Geotesting Express will submit the results of the tests 
performed by them directly to AQ. Geotesting Express laboratory test results are not 
included in this report. 

The results of the laboratory tests performed by E2CR are summarized in Table C-1 in 
Appendix C. The laboratory results are also provided in graphical form in Appendix C. 

The results of the laboratory tests performed by E2CR are summarized below. 

5.1 MOISTURE CONTENT TESTS 

A total of 154 moisture content tests were performed. The moisture content tests indicate 
that the natural moisture content of the fill varies from about 6.6% to 64.3%. 

5.2 SIEVE AND HYDROMETER TESTS 

A total of 36 sieve and hydrometer tests, 8 sieve analyses without hydrometer and 8 #200 
wash tests were performed.  

The sieve and hydrometer tests indicate that the percentage of sand and fines in the fill is 
as follows:  
 Sand Percentage ranges from 0.9% to 90.5% 
 Fines Percentage ranges from 9.5% to 99.1%. 

5.3 ATTERBERG LIMITS TESTS 

A total of 38 Atterberg Limits tests were performed.  
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The Atterberg Limits tests indicate that the range of Liquid Limit, Plastic Limit and 
Plasticity Index of the fill is as follows:  
 Liquid Limit: 22% to 60% 
 Plastic Limit: 11% to 49% 
 Plasticity Index: 9% to 36% 

5.4 SPECIFIC GRAVITY 

A total of 13 specific gravity tests were performed. The specific gravity tests indicate that 
the specific gravity of the fill varies from about 2.66 to 2.74. 

5.5 ORGANIC CONTENT 

A total of 16 organic content tests were performed. The organic content tests indicate that 
the organic content of the fill varies from about 1.3% to 12.6%. 

5.6 POCKET PENETROMETER AND TORVANE 

Pocket penetrometer tests and torvane tests were performed on the clay fill during 
drilling. 
 
The actual pocket penetrometer test readings were in the range of about 1 tsf to greater 
than 4.5 tsf. The actual Torvane readings were in the range of about 0.25 tsf to greater 
than 1 tsf. 

6.0 REMARKS 

This data report has been prepared to aid in the evaluation of the stockpiled at Cristal 
USA stockpile facility in Baltimore, Maryland. It is considered that adequate findings and 
evaluations have been provided to serve as a basis for the project. 

These findings and evaluations are based on information made available to us at the time 
of our investigation and the actual conditions encountered at the test boring locations at 
that time. General assumptions have been made that the limited exploratory test borings 
represent the site conditions in relation to the aerial extent and depths of the borings.  It 
should be noted, however, that the actual subsurface conditions between the test boring 
locations might vary from the conditions indicated on the appended test boring logs.  
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Our professional services have been performed and this report has been prepared in 
accordance with generally accepted engineering principles and practices. E2CR, Inc. 
assumes no responsibility for interpretations made by others based upon our work. 
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Easting 
(ft) Northing (ft)

AQ-01 27 80 1441041.211 559943.207

AQ-02 52 98.9 1441225.032 559848.974

AQ-03 50 79 1441421.964 559893.874

AQ-04 35 79 1441639.696 559778.145

AQ-05 92 118.8 1441493.079 559692.1

AQ-06 39 118 1441686.088 559571.582

AQ-07 35 117.6 1441590.292 559465.661

AQ-08 67 144 1441390.804 559462.609

AQ-09 23 99.5 1441421.71 559298.592

AQ-10 21 100 1441205.994 559351.086

AQ-11 85.3 100 1441136.229 559627.479

AQ-12 35 80 1440999.849 559765.42

TP-01 10.6 121 1441172.456 559792.52

TP-02 10.5 98.4 1441413.511 559837.495

TP-04 11 116.8 1441630.926 559629.544

TP-05 8.7 99.3 1441506.234 559362.514

TP-06 11.1 142.6 1441411.21 559544.151

TP-08 7.1 80.8 1441057.998 559656.226

TP-08A 10.2 80.5 1441006.23 559755.435

1.        Elevations and coordinations based on drilled boring locations and excavated test pits provided by AQ

2.        Measured from the existing ground surface

Boring No. Elevation (ft)Depth (ft)
Coordinations

Top Soil Thickness (in)
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SUMMARY OF LABORATORY TEST RESULTS

CRISTAL USA STOCKPILE CHARACTERIZATION - ANCHOR QEA

E2CR Project No. 16559-04

TABLE B-1



Client Requested a 3.0" spoon @
8.0'-10.0' (Extra Sample)

Client Requested a 3.0" spoon @
13.0'-20.0' (Extra Sample)

No Jar sample for 26.5' to 27.0'

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-1

S-2

S-3

S-4

S-5

S-6

S-7

1-2-2-3
(4)

3-3-11-16
(14)

2-2-3-4
(5)

6-7-14-22
(21)

5-3-8-6
(11)

5-7-12-10
(19)

4-4-10-11
(14)

0
0.8

9

12

17.5

22.5

26.5

10" Top Soil with Rootmat
Red, brown, moist, medium stiff to
stiff, Lean CLAY (CL) (Fill)

S-2: With Sand

Gray, red, brown, moist, loose to
medium dense, Clayey SAND, trace
Organics (SC) (Fill)

Olive gray, brown, moist, very stiff,
Lean CLAY with Sand (CL) (Fill)

Red, brown, moist, stiff, Lean CLAY
with Sand (CL) (Fill)

Red, gray, brown, moist, medium
dense, Clayey SAND with Ironite (SC)
(Fill)
Layer of Ironite in S-7

Gray, brown, wet, medium dense, Silty
SAND, trace Clay (SM) (Fill)

Bottom of borehole at 27.0 feet.
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19

24

22

10

23

SAMPLER

Date Started 3/9/2017

Surf. Elev. 80 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by A. Patel
Drill Make and Model CME-55 Track

Weight of Hammer 140 lbs

Boring Method Hollow Stem Auger
Date Completed 3/9/2017

Driller S. Lyons

Depth of Boring 27 ft

Hole Diameter 3.25 in

Caved Depth  ft

Height of Fall 30 in Depth to Rock  ft
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-01
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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Top Soil 9.0"

Hard Drilling @22.0'

From 28.0' to 37.0', the samples
were a mixture of Sand and Clay

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

2-3-4-6
(7)

5-11-11-15
(22)

3-5-7-10
(12)

4-5-5-6
(10)

4-5-6-9
(11)

19-12-29-25
(41)

6-9-10-12
(19)

15-11-19-15
(30)

0
0.75

2

22

Top Soil with Rootmat 9.0"
Dark gray, light gray, moist, medium
stiff, Sandy Lean CLAY (CL) (Fill)
Light gray, pink, red, reddish brown,
moist, stiff to very stiff, Lean CLAY,
with Sand (CL) (Fill)

Fine Sand in tip of S-2 and S-3

Trace Gravel and Organics in S-4

Trace Gravel and Organics, lenses of
Fine Sand and Clayey SAND in S-5

Red, reddish brown, moist, medium
dense to dense, Clayey SAND with
pieces of Ironite, lenses of Fine Sand,
pockets of Clay (SC) (Fill)

Fine Sand in tip of S-6

Sandy CLAY and Clayey SAND in
spoon S-7

Layer of Fine Sand 33.5' to 34.0', big
piece of Ironite in S-8
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SAMPLER

Date Started 3/7/2017

Surf. Elev. 98.9 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model CME-55 Track

Weight of Hammer 140 lbs

Boring Method Hollow Stem Auger
Date Completed 3/7/2017

Driller S. Lyons

Depth of Boring 52 ft

Hole Diameter 3.25 in

Caved Depth  ft

Height of Fall 30 in Depth to Rock  ft
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-02
Job # 16559-04Project Name Cristal USA Stockpile Characterization
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No Jar sample for 51.8' to 52.0'

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-9

S-10

S-11

S-12

S-13

S-14

S-15

4-7-12-13
(19)

4-8-13-11
(21)

8-10-13-15
(23)

8-9-12-13
(21)

6-9-13-15
(22)

10-10-13-14
(23)

7-12-13-15
(25)

37

41

42

49.5
50

51.8

Red, pink, light gray, moist, very stiff,
Lean CLAY, trace Sand (CL) (Fill)

Red, reddish brown, moist, medium
dense, Clayey SAND, pockets of Clay,
trace Gravel (SC) (Fill)
Red, reddish brown, pink, light gray,
moist, very stiff, Sandy Lean CLAY,
with Sand, trace Gravel (CL) (Fill)

Gravel in tip S-12

Red, reddish brown, moist, medium
dense, Clayey SAND, pockets of Clay,
trace Gravel, trace Organics (SC) (Fill)
Red, pink, light gray, moist, very stiff,
Lean CLAY, trace Sand, trace
Organics (CL) (Fill)
Dark brown, dark gray, moist, very
stiff, SILT with yellow fragments (ML)
(Fill)

Bottom of borehole at 52.0 feet.
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-02
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

1-2-2-1
(4)

2-2-1-2
(3)

1-2-3-3
(5)

3-5-5-5
(10)

5-5-7-13
(12)

3-5-8-9
(13)

5-6-11-11
(17)

5-6-9-11
(15)

0

1

2.5

11.5

16.5

Top Soil with Rootmat
Red, reddish brown, pink, light gray,
moist, medium stiff, Sandy Silty CLAY,
trace Gravel and roots (CL-ML) (Fill)
Red, reddish brown, pink, light gray,
moist, soft to medium stiff, Lean CLAY
with Sand (CL) (Fill)

Red, reddish brown, pink, light gray,
moist, stiff, Lean CLAY with lenses of
Fine Sand (CL) (Fill)

Red, reddish brown, pink, light gray,
moist, stiff to very stiff, Lean CLAY
with Sand, trace Ironite (CL) (Fill)

S-6: trace Organics

16
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8

22

5

24

24

23

SAMPLER

Date Started 3/8/2017

Surf. Elev. 79 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model CME-55 Track

Weight of Hammer 140 lbs

Boring Method Hollow Stem Auger
Date Completed 3/8/2017

Driller S. Lyons

Depth of Boring 50 ft

Hole Diameter 3.25 in

Caved Depth  ft

Height of Fall 30 in Depth to Rock  ft
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No Jar sample for 49.9' to 50.0'

SPT

SPT

SPT

SPT

SPT

SPT

S-9

S-10

S-11

S-12

S-13

S-14

7-7-6-9
(13)

6-8-11-14
(19)

5-8-10-12
(18)

4-7-9-13
(16)

5-7-8-10
(15)

4-5-7-11
(12)

36.5

40

49.9

Dark brown, dark gray, black, moist,
medium dense, Silty Clayey SAND,
with a lot of Orgnanics, pockets of
Clay and Silt (SC-SM) (Fill)

Red, reddish brown, pink, light gray,
moist, very stiff, Sandy Lean CLAY,
slight smell of Organics (CL) (Fill)

Dark brown, gray, moist to wet,
medium dense, Poorly Graded Fine to
Medium SAND with Clay, trace
Organics (SP-SC) (Fill)

Bottom of borehole at 50.0 feet.
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Client Requested a 3.0" spoon @
25.0'-27.0' (Recovery 12.0") (Extra
Sample)

Client Requested a 3.0" spoon @
27.0'-29.0' (Recovery 20.0") (Extra
Sample)

No Jar sample for 34.2' to 35.0'

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11

1-1-1-3
(2)

2-3-4-6
(7)

3-3-6-7
(9)

2-3-5-8
(8)

4-3-4-7
(7)

2-4-7-9
(11)

4-5-7-10
(12)

8-8-7-10
(15)

5-6-9-10
(15)

7-9-9-13
(18)

7-7-7-9
(14)

0
0.8

9.5

11.5

25

28.5

34.2

Top Soil with Rootmat
Light gray, pink, reddish brown,
medium stiff, Lean CLAY with Sand,
trace Gravel (CL) (Fill)

Reddish brown, moist, loose, Clayey
SAND with pockets of Clay (SC) (Fill)

Red, pink, light gray, moist, medium
stiff to stiff, Lean CLAY (CL) (Fill)

S-5: 6" layer of Sand in spoon
(18.5'-19.0'), trace Ironite

S-6: Lenses of Fine Sand

Reddish brown, light gray, moist, stiff,
Fat CLAY with Sand, trace Ironite,
lenses of Fine Sand (CL) (Fill)

S-8: with Clayey SAND (27.5'-28.0')
Red, pink, reddish brown, light gray,
moist, stiff, Lean CLAY with Sand,
trace Ironite (CL) (Fill)
S-10: trace broken pieces of
sandstone in the tip

Reddish brown, moist, stiff, SILT with
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24

24
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SAMPLER

Date Started 3/8/2017

Surf. Elev. 79 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model CME-55 Track

Weight of Hammer 140 lbs

Boring Method Hollow Stem Auger
Date Completed 3/8/2017

Driller S. Lyons

Depth of Boring 35 ft

Hole Diameter 3.25 in

Caved Depth  ft

Height of Fall 30 in Depth to Rock  ft
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-04
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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white fragments, trace Clay (ML) (Fill)
Bottom of borehole at 35.0 feet.
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-04
Job # 16559-04Project Name Cristal USA Stockpile Characterization
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S-3 two jars: S-3A top 18", S-3B
bottom 6"

Slight chattering, Possible Gravel @
32.0' while drilling with augers

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

2-2-3-4
(5)

1-2-4-6
(6)

2-2-2-3
(4)

2-2-5-6
(7)

4-4-5-5
(9)

2-3-4-5
(7)

6-8-7-6
(15)

6-6-4-4
(10)

0
0.7

9

28.5

Top Soil with Rootmat
Red, reddish brown, light gray, moist,
medium stiff, Lean CLAY, trace Sand,
trace Ironite (CL) (Fill)

S-3 lenses of Fine Sand, dark gray,
greenish brown, orange, Silty CLAY
material in tip

Red, reddish brown, light gray, moist,
stiff, Fat CLAY, trace Sand, trace
Ironite (CH) (Fill)

S-4: lenses of Fine Sand
13.5'-14.0': Same dark gray, greenish
brown Silty CLAY material

S-5: stiff, lenses of Fine Sand, trace
Gravel, trace Silty CLAY material

S-6: lenses of Fine Sand, trace Silty
CLAY material

Reddish brown, light gray, yellowish
brown, moist, medium dense, Clayey
SAND, trace SC-SM, with pockets of
Clay (SC) (Fill)

10

16

18

24

19

12

24

14

SAMPLER

Date Started 2/27/2017

Surf. Elev. 118.8 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model CME-75 Track

Weight of Hammer 140 lbs

Boring Method Hollow Stem Auger
Date Completed 3/2/2017

Driller S. Lyons

Depth of Boring 92 ft

Hole Diameter 3.25 in

Caved Depth  ft

Height of Fall 30 in Depth to Rock  ft
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100
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-05
Job # 16559-04Project Name Cristal USA Stockpile Characterization
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Clay in tip of spoon S-11

From 28.5' the materialis a mix of
Sand and Clay (sometimes more
Sand and sometimes more Clay)

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-9

S-10

S-11

S-12

S-13

S-14

S-15

5-6-9-8
(15)

6-5-10-12
(15)

13-12-12-14
(24)

12-11-12-15
(23)

3-8-11-17
(19)

11-10-12-14
(22)

12-16-20-22
(36)

37

42

57

Reddish brown, red, moist, stiff,
Clayey SAND, trace Gravel with
lenses of Fine Sand and pockets of
Clay, trace Organics (SC) (Fill)

Reddish brown, red, moist, medium
dense, Clayey SAND with layers of
Clay and lenses of Fine Sand, trace
Silty Clayey SAND (SC) (Fill)

S-12: Mostly Sandy material

Reddish brown, red, moist, very stiff to
hard, Lean CLAY with Sand (CL) (Fill)

18

24

24

24

24

24

24
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70
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-05
Job # 16559-04Project Name Cristal USA Stockpile Characterization
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Continous sampling from 74.0'

S-18 two jars: S-18A middle 6",
S-18B bottom 6"

S-19 two jars: S-19A middle 6",
S-19B bottom 6"

Occosional dark brown Organic
material in the spoons @ 84.0' to
92.0'

S-24: No Jar sample

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-16

S-17

S-18

S-19

S-20

S-21

S-22

S-23

S-24

11-12-17-16
(29)

12-17-24-27
(41)

18-36-26-37
(62)

5-12-15-19
(27)

10-18-18-16
(36)

10-14-15-21
(29)

7-7-9-15
(16)

3-4-8-4
(12)

6-12-28-36
(40)

75.7

77.5

79.5

81
81.5

83.5

88

91

Red, reddish brown, pink, light gray,
moist, very stiff, Lean CLAY, trace
Sand, trace Organics (CL) (Fill)
Red, reddish brown, moist, hard,
Sandy Lean CLAY, trace Organics
(CL) (Fill)
Red, reddish brown, pink, light gray,
moist, hard, Lean CLAY (CL) (Fill)
Dark brown, black, moist, ORGANICS
(Pieces of Wood) (Fill)
Red, reddish brown, pink, light gray,
moist, hard, Lean CLAY (CL) (Fill)
Red, reddish brown, pink, light gray,
moist, hard, Elastic SILT (MH) (Fill)

Brown,  moist, stiff, Elastic SILT, some
Organics (MH) (Fill)

Dark brown, moist, hard, Lean CLAY
(CL) (Fill)

Bottom of borehole at 92.0 feet.

24

24

16

18

18

22

23

24

24
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-05
Job # 16559-04Project Name Cristal USA Stockpile Characterization
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S-7 two jars: S-7A top 12" and S-7B
bottom 6"

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11

2-3-4-4
(7)

2-2-2-4
(4)

2-1-3-2
(4)

1-3-4-5
(7)

2-7-8-7
(15)

3-3-6-8
(9)

3-5-7-11
(12)

3-3-6-5
(9)

3-7-9-7
(16)

3-3-6-9
(9)

9-14-15-10
(29)

0
0.2

3.5

19

22

26.5

27.5

32.5

Top Soil with Rootmat
Dark brown, dark gray, moist, medium
stiff, Sandy SILT (ML) (Fill) (Possible
Top Soil)
Red, reddish brown, pink, moist,
medium stiff, Sandy Lean CLAY with
Sand (CL) (Fill)

Dark gray, grenish brown, moist,
medium desne, Clayey SAND,
Pockets of Clay (SC) (Fill)

Red, pink, reddish brown, light gray,
moist, medium stiff, Lean CLAY,
lenses of Fine Sand (CL) (Fill)

Gray, greenish brown, moist, medium
dense, Clayey SAND (SC) (Fill)
Red, pink, reddish brown, light gray,
moist, loose to medium dense, Clayey
SAND, pockets of Clay, lenses of Fine
Sand (SC) (Fill)

Red, reddish brown, moist, medium
dense, Poorly Graded SAND with
Clay, pockets of Clay (SP-SC) (Fill)

18

24

8

18

16

24

20

20

24

24

24

SAMPLER

Date Started 3/2/2017

Surf. Elev. 118 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model CME-55 Track

Weight of Hammer 140 lbs

Boring Method Hollow Stem Auger
Date Completed 3/2/2017

Driller R. Stidham

Depth of Boring 39 ft

Hole Diameter 3.25 in

Caved Depth  ft

Height of Fall 30 in Depth to Rock  ft
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-06
Job # 16559-04Project Name Cristal USA Stockpile Characterization
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No Jar sample for 37.5' to 39.0'

SPT

SPT

S-12

S-13

4-4-4-5
(8)

2-9-7-4
(16)

35

37.5

Red, reddish brown, light gray,
medium stiff, Lean CLAY, lenses of
Fine Sand (CL) (Fill)
Dark brown, black, moist, very stiff,
SILT, trace Organics (ML) (Fill)

Bottom of borehole at 39.0 feet.
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-06
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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No Jar sample for 34.8' to 35.0'

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11

1-3-3-3
(6)

3-4-4-5
(8)

3-4-4-3
(8)

2-4-5-6
(9)

2-6-9-10
(15)

3-5-6-9
(11)

4-5-9-8
(14)

5-7-6-9
(13)

5-8-8-9
(16)

5-8-11-12
(19)

5-6-7-6
(13)

0
0.2

3.5

19.5

22

30

31

32

Top Soil with Rootmat
Dark brown, moist, loose, Silty Sand,
trace Organics (SM) (Fill) (Possible
Top Soil)
Red, pink, reddish brown, light gray,
moist, medium stiff to stiff, Lean
CLAY, trace Sand, lenses of Fine
Sand (CL) (Fill)

S-4 had Clayey SAND (SC) in the tip
of the spoon

Dark brown, gray, moist, medium
dense, Clayey SAND, pockets of Clay,
trace Gravel, trace Organics (SC) (Fill)
Red, pink, reddish brown, light gray,
moist, stiff, Lean CLAY, lenses of Fine
Sand (CL) (Fill)

S-7 and S-8 had Clayey SAND (SC) in
the tip of the spoon

Dark gray, dark brown, black, moist,
medium dense, Clayey SAND, strong
Organic odor, lenses of Fine Sand
(SC) (Fill)
Red, pink, reddish brown, moist, very
stiff, Lean CLAY lenses of Fine Sand

15

24

24

22

24

24

24

24

24

24

18

SAMPLER

Date Started 3/2/2017

Surf. Elev. 117.6 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model CME-55 Track

Weight of Hammer 140 lbs

Boring Method Hollow Stem Auger
Date Completed 3/2/2017

Driller R. Stidham

Depth of Boring 35 ft

Hole Diameter 3.25 in

Caved Depth  ft

Height of Fall 30 in Depth to Rock  ft
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-07
Job # 16559-04Project Name Cristal USA Stockpile Characterization
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34.8(CL) (Fill)
Light brown, light gray, moist, medium
dense, Clayey SAND, lenses of Fine
Sand, pockets of Clay, trace Organics
(SC) (Fill)
Dark gray, black, moist, medium
dense, Poorly Graded Gravel with
Clay, with slight odor (GP-GC) (Fill)

Bottom of borehole at 35.0 feet.
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-07
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

1-2-5-4
(7)

1-4-5-6
(9)

3-5-7-4
(12)

5-5-5-8
(10)

3-5-7-9
(12)

3-9-10-11
(19)

3-2-3-5
(5)

4-6-8-11
(14)

0
0.4

17

Top Soil with Rootmat
Yellow, brown, red, moist, medium
stiff to stiff, Lean CLAY (CL) (Fill)

Gray, brown, red, moist, medium stiff
to very stiff, Lean CLAY with Sand
(CL) (Fill)

S-8: Trace Organics

12

18

23

24

24

18

21

24

SAMPLER

Date Started 3/2/2017

Surf. Elev. 144 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by D. Wang
Drill Make and Model CME-75 Track

Weight of Hammer 140 lbs

Boring Method Hollow Stem Auger
Date Completed 3/3/2017

Driller S. Lyons

Depth of Boring 67 ft

Hole Diameter 3.25 in

Caved Depth  ft

Height of Fall 30 in Depth to Rock  ft
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-08
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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Used 3.0" spoon instead of augers
to get sample @ 65.0' because
augers could not go down to 65.0'

No Jar sample for S-18

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-9

S-10

S-11

S-12

S-13

S-14

S-15

S-16

S-17

S-18

6-6-7-9
(13)

4-6-7-10
(13)

6-8-8-12
(16)

6-6-6-7
(12)

4-7-9-14
(16)

8-12-15-15
(27)

9-12-11-11
(23)

6-8-10-11
(18)

10-11-13-16
(24)

4-3-5-9
(8)

37

41.5

61

64

Gray, moist, medium dense, SILT with
Sand (ML) (Fill)

Light gray, red, moist, stiff to very stiff,
Lean CLAY, with Sand (CL) (Fill)

Pockets of Silt and Sand @ 54.0'

S-12: Trace Organics

Gray to dark gray, moist, medium
dense, Silty SAND (SM) (Fill)

Brown, brownish red, black, moist,
medium dense to loose, Silty SAND,
trace clay (SM) (Fill)

Bottom of borehole at 67.0 feet.

24

21

24

24

24

24

24

24

24
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-08
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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S-8: No Jar sample

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

2-1-2-2
(3)

3-2-4-4
(6)

2-4-4-8
(8)

2-3-3-5
(6)

2-3-3-6
(6)

10-14-17-22
(31)

10-11-9-16
(20)

7-6-7-6
(13)

0
0.5

17.5

22

Top Soil with Gravel
Red, pink, reddish brown, light gray,
moist, medium stiff, Lean CLAY with
Sand, trace Organics (CL) (Fill)

S-3: trace Gravel

S-4: trace Organics

S-5: Sandy CLAY and Clayey SAND
in spoon, Fine Sand in tip of spoon

Light brown, light gray, moist, dense to
medium dense, Poorly Graded SAND
with Clay, pockets of Clay (SP-SC)
(Fill)

S-7: Pockets of Clay, trace Gravel
Dark red, black, moist, stiff, Silty CLAY
with dark gray Organic material with
strong odor (CL-ML) (Fill)

Bottom of borehole at 23.0 feet.

5

10

20

14

24

24

24

24

SAMPLER

Date Started 3/6/2017

Surf. Elev. 99.5 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model CME-55 Track

Weight of Hammer 140 lbs

Boring Method Hollow Stem Auger
Date Completed 3/6/2017

Driller S. Lyons

Depth of Boring 23 ft

Hole Diameter 3.25 in

Caved Depth  ft

Height of Fall 30 in Depth to Rock  ft
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-09
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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S-4: All the spoon taken for
environmental sampling, no jar
samples

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-1

S-2

S-3

S-4

S-5

S-6

S-7

2-2-3-4
(5)

3-3-3-3
(6)

2-3-3-6
(6)

4-3-3-5
(6)

4-8-13-14
(21)

7-12-16-12
(28)

5-4-9-13
(13)

0

1.1

16

Top Soil with Gravel
Red, pink, light gray, moist, medium
stiff, Lean CLAY with Sand (CL) (Fill)

S-3: trace Gravel, Clayey SAND in the
tip of spoon

S-4: Lenses of Fine Sand, Gravel in
tip of spoon

Light brown, light gray, moist, medium
dense, Clayey SAND (SC) (Fill)

S-7: Wet, Trace Gravel

Bottom of borehole at 21.0 feet.

13

16

14

4

20

17

20

SAMPLER

Date Started 3/6/2017

Surf. Elev. 100 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model CME-55 Track

Weight of Hammer 140 lbs

Boring Method Hollow Stem Auger
Date Completed 3/6/2017

Driller S. Lyons

Depth of Boring 21 ft

Hole Diameter 3.25 in

Caved Depth  ft

Height of Fall 30 in Depth to Rock  ft
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-10
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

1-4-3-4
(7)

1-2-3-4
(5)

4-4-3-4
(7)

3-5-4-6
(9)

4-3-4-3
(7)

4-4-5-7
(9)

4-6-8-8
(14)

5-7-9-9
(16)

0
0.25

3

24

Top Soil with Rootmat
Dark brown, gray, moist, loose, Silty
SAND with Roots (SM) (Fill) (Possible
Top Soil)
Pink, red, reddish brown, light gray,
moist, medium stiff to stiff, Sandy
Lean CLAY (CL) (Fill)

Red, reddish brown, light gray, moist,
stiff to very stiff, Lean CLAY with Sand
(CL) (Fill)

Trace Ironite in S-10

Clayey SAND in tip of spoon S-11

15

24

24

18

20

18

22

16

SAMPLER

Date Started 3/2/2017

Surf. Elev. 100 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model CME-55 Track

Weight of Hammer 140 lbs

Boring Method Hollow Stem Auger
Date Completed 3/3/2017

Driller R. Stidham

Depth of Boring 85.3 ft

Hole Diameter 3.25 in

Caved Depth  ft

Height of Fall 30 in Depth to Rock  ft

S
O

IL
S

Y
M

B
O

L

Elev.
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-11
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-9

S-10

S-11

S-12

S-13

S-14

S-15

S-16

S-17

5-6-8-9
(14)

4-7-8-10
(15)

6-9-11-15
(20)

7-8-10-11
(18)

4-7-8-10
(15)

5-7-8-14
(15)

6-8-13-17
(21)

4-10-11-17
(21)

5-9-11-14
(20)

49.5

58.5

Red, reddish brown, light gray, moist,
stiff to very stiff, Lean CLAY with Sand
(CL) (Fill)

Trace Ironite in S-10

Clayey SAND in tip of spoon S-11
(continued)

Red, reddish brown, moist, medium
dense, Clayey SAND, trace Organics,
lenses of Fine Sand (SC) (Fill)

Red, reddish brown, light gray, moist,
stiff to very stiff, Lean CLAY, trace
Sand, trace Ironite (CL) (Fill)
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20
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24

24

24
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-11
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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No Jar sample for S-23

SPT

SPT

SPT

SPT

SPT

SPT

S-18

S-19

S-20

S-21

S-22

S-23

6-9-11-15
(20)

4-5-11-16
(16)

4-8-10-13
(18)

4-4-7-10
(11)

3-7-10-13
(17)

4-6-50/4"
85

Red, reddish brown, light gray, moist,
stiff to very stiff, Lean CLAY, trace
Sand, trace Ironite (CL) (Fill)
(continued)

Dark gray, dry, very dense, Poorly
graded Gravel with Clay with white
and black fragments and very strong
odor (GP-GC) (Fill)

Bottom of borehole at 85.3 feet.
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-11
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11

2-2-1-1
(3)

3-2-3-5
(5)

2-2-5-3
(7)

3-4-4-4
(8)

2-2-3-5
(5)

4-10-18-15
(28)

6-9-12-12
(21)

3-3-6-9
(9)

5-7-11-12
(18)

4-7-12-13
(19)

3-4-10-12
(14)

0
0.3

12.5

17.5

22.5

29

31

33

4" Top Soil with Rootmat
Red, brown, moist, soft to medium
stiff, Lean CLAY with Sand (CL) (Fill)

Red, brown, moist, loose, Clayey
SAND (SC) (Fill)

Red, brown, moist, medium stiff, Lean
CLAY with Sand (CL) (Fill)

Red, brown, moist, very stiff, Lean
CLAY with Sand (CL) (Fill)

S-8: with Silt, stiff

Red, gray, brown, moist, very stiff,
Lean CLAY with Sand (CL) (Fill)

Red, gray, brown, moist, medium
dense, Clayey SAND, trace Organics
(SC) (Fill)
Gray, red, brown, moist, stiff to very
stiff, Lean CLAY with Sand (CL) (Fill)

22

24

17

22

18

24

24

24

24

24

24

SAMPLER

Date Started 3/7/2017

Surf. Elev. 80 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model CME-55 Track

Weight of Hammer 140 lbs

Boring Method Hollow Stem Auger
Date Completed 3/7/2017

Driller S. Lyons

Depth of Boring 39 ft

Hole Diameter 3.25 in

Caved Depth  ft

Height of Fall 30 in Depth to Rock  ft
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-12
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG

E
2C

R
-G

E
O

1 
- E

2R
C

.G
D

T 
- 5

/4
/1

7 
14

:5
0 

- Z
:\L

O
G

S
\2

01
6 

P
R

O
JE

C
TS

\1
65

59
-0

4 
A

N
C

H
O

R
 Q

EA
 C

R
IS

TA
L 

C
LA

Y.
G

P
J



S-13: No Jar sample

SPT

SPT

S-12

S-13

6-7-11-11
(18)

5-5-12-24
(17)

38.5

Gray, red, brown, moist, stiff to very
stiff, Lean CLAY with Sand (CL) (Fill)
(continued)

Dark gray, dry, very dense, Poorly
graded Gravel with Clay with white
fragments and very strong odor
(GP-GC) (Fill)

Bottom of borehole at 39.0 feet.
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # AQ-12
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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Test Pit Dimensions: 15.0' Long,
2.75' Wide, 10.6' Deep

Different sizes of Gravel in the
excavator bucket from 7.0' to 7.5'

A lot of Organics, roots and Gravel
in the buckets from 7.8' to 8.3'

Trace Gravel in all the excavator
buckets

Trace Organics from 10.3' to 10.6'

0

0.75

1.5

3

8" Top Soil with Rootmat

Red, reddish brown, moist, Lean
CLAY with Sand, trace topsoil and
roots (CL) (Fill)
Red, reddish brown, light gray, moist,
Sandy Lean CLAY (CL) (Fill)

Red, reddish brown, moist, Lean
CLAY with Sand, layers of Fine Sand
(CL) (Fill)

Bottom of test pit at 10.6 feet.

SAMPLER

Date Started 3/9/2017

Surf. Elev. 121 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model Excavator

Weight of Hammer  lbs

Boring Method

Date Completed 3/9/2017

Driller E. Hill

Depth of Boring 10.6 ft

Hole Diameter  in

Caved Depth  ft

Height of Fall  in Depth to Rock  ft
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # TP-01
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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A lot of Organics from 6.5' to 7.5'

Test Pit Dimensions: 14.0' Long,
3.0' Wide, 10.5' Deep

0

1.75

5

6

1.75' Top Soil with Rootmat

Red, reddish brown, Lean CLAY, with
Sand (CL) (Fill)

Light gray, pink, Silty CLAY, trace
Sand (CL-ML) (Fill)

Red, reddish brown, moist, Lean
CLAY, with Sand, trace Organics (CL)
(Fill)

Pockets of light gray CL from 8.0' to
8.5'

Bottom of test pit at 10.5 feet.

SAMPLER

Date Started 3/9/2017

Surf. Elev. 98.4 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model Excavator

Weight of Hammer  lbs

Boring Method

Date Completed 3/9/2017

Driller E. Hill

Depth of Boring 10.5 ft

Hole Diameter  in

Caved Depth  ft

Height of Fall  in Depth to Rock  ft
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # TP-02
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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All the excavator buckets from 6.0'
have been moist to wet

Water/Moisture observed starting
from 7.0', Lenses of Fine Sand (3.0"
lense) @ 7.0'

Test Pit Dimensions: 15.5' Long,
3.75' Wide, 11.0' Deep

0

2.2

5

6

Top Soil with Rootmat 26.0"

Red, reddish brown, moist, Lean
CLAY (CL) (Fill)

Light gray, pink, moist, Silty CLAY,
trace Sand (CL-ML) (Fill)

Red, reddish brown, pink, moist, Lean
CLAY, with Sand, trace Organics (CL)
(Fill)

Bottom of test pit at 11.0 feet.

SAMPLER

Date Started 3/9/2017

Surf. Elev. 116.8 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model Excavator

Weight of Hammer  lbs

Boring Method

Date Completed 3/9/2017

Driller E. Hill

Depth of Boring 11 ft

Hole Diameter  in

Caved Depth  ft

Height of Fall  in Depth to Rock  ft
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # TP-04
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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Test Pit Dimensions: 12.5' Long,
2.7' Wide, 8.7' Deep

0

1.25

Top Soil with Rootmat (SC-SM)

Red, reddish brown, moist, Lean
CLAY, trace Sand (CL) (Fill)
wih Lenses of Silty CLAY (CL-ML)

Layer of Silty SAND (SM) from 4.1' to
4.5'

@8.0' the material started to get
harder and losing Sand content

Bottom of test pit at 8.7 feet.

SAMPLER

Date Started 3/10/2017

Surf. Elev. 99.3 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model Excavator

Weight of Hammer  lbs

Boring Method

Date Completed 3/10/2017

Driller E. Hill

Depth of Boring 8.7 ft

Hole Diameter  in

Caved Depth  ft

Height of Fall  in Depth to Rock  ft
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NOTESTypeNo.
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P
THSOIL DESCRIPTION

Name, Symbol, Proportions, Color, Moisture,
Density, Structure

Rec.
(in)
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # TP-05
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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From 3.3' to 4.5' there is a mixture
of Sandy CLAY and Clayey SAND

Test Pit Dimensions: 13.5' Long,
3.1' Wide, 11.1' Deep

0

1.7

2.75

4.2

Top Soil with Rootmat

Red, reddish brown, light gray, moist,
Lean CLAY, trace Sand (CL) (Fill)

Light gray, pink, reddish brown, Sandy
Silty CLAY (CL-ML) (Fill)

Red, pink, moist, Lean CLAY, with
Sand, trace Orgnics (CL) (Fill)

The material become closer to red
Clay as we go deeper

Red CLAY at the bottom

Bottom of test pit at 11.1 feet.

SAMPLER

Date Started 3/10/2017

Surf. Elev. 142.6 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model Excavator

Weight of Hammer  lbs

Boring Method

Date Completed 3/10/2017

Driller E. Hill

Depth of Boring 11.1 ft

Hole Diameter  in

Caved Depth  ft

Height of Fall  in Depth to Rock  ft

S
O

IL
S

Y
M

B
O

L

Elev.
(ft)

140

135

DEPTH
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5
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BORING & SAMPLE
NOTESTypeNo.
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THSOIL DESCRIPTION

Name, Symbol, Proportions, Color, Moisture,
Density, Structure
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(in)
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # TP-06
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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Test Pit Dimensions: 14' Long, 2.6'
Wide, 7.1' Deep

0

1.9

4.4

6.4

Top Soil with Rootmat

Red, reddish brown, moist, Silty
CLAY, trace Sand (CL-ML) (Fill)

Gray, brown, moist, Silty Clayey
SAND (SC-SM) (Fill)

Red, reddish brown, moist, Silty
CLAY, trace Sand (CL-ML) (Fill)

Bottom of test pit at 7.1 feet.

SAMPLER

Date Started 3/10/2017

Surf. Elev. 80.8 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model Excavator

Weight of Hammer  lbs

Boring Method

Date Completed 3/10/2017

Driller E. Hill

Depth of Boring 7.1 ft

Hole Diameter  in

Caved Depth  ft

Height of Fall  in Depth to Rock  ft
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Y
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Elev.
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THSOIL DESCRIPTION

Name, Symbol, Proportions, Color, Moisture,
Density, Structure
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(in)
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # TP-08
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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Test Pit Dimensions: 12' Long, 2.4'
Wide, 10.2' Deep

0

1.6

3.2

Top Soil with Rootmat

Red, reddish brown, pink, Silty CLAY,
trace Sand (CL-ML) (Fill)

@8.5' material started to get harder
Red, pink, light brown, Sandy CLAY,
lenses of Fine Sand (CL) (Fill)

Bottom of test pit at 10.2 feet.

SAMPLER

Date Started 3/10/2017

Surf. Elev. 80.5 ft

Depth Water at End Drill  ft
Depth Water Encountered  ft

Afterhrs.

Logged by M. Karimpour
Drill Make and Model Excavator

Weight of Hammer  lbs

Boring Method

Date Completed 3/10/2017

Driller E. Hill

Depth of Boring 10.2 ft

Hole Diameter  in

Caved Depth  ft

Height of Fall  in Depth to Rock  ft
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THSOIL DESCRIPTION

Name, Symbol, Proportions, Color, Moisture,
Density, Structure
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(in)
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Location Cristal USA Facility - 3901 Fort Armistead Road, Baltimore, MD

Contracted With Anchor QEA Boring # TP-08A
Job # 16559-04Project Name Cristal USA Stockpile Characterization

BORING LOG
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APPENDIX C – LABORATORY TEST RESULTS 
 



Gravel Sand Fines

(%) (%) (%) (%)

S-1 0 - 2 SPT CL 14.6%

S-2 3 - 5 SPT CL A-6(13) 12.7% 37 20 17 0.0% 17.8% 82.2%

S-3 8 - 10 SPT SC 13.9% 0.2% 54.5% 45.3% 2.67 1.7%

S-4A 13 - 15 SPT CL 9.6% 22 13 9

S-4B 13 - 15 SPT CL 10.7%

S-5 18 - 20 SPT CL 12.5%

S-6 23 - 25 SPT SC 8.8% 24.4%

S-1 0 - 2 SPT CL 15.5%

S-2 3 - 5 SPT CL 18.3%

S-3 8 - 10 SPT CL 17.0%

S-4 13 - 15 SPT CL A-6(12) 16.5% 36 17 19 0.2% 25.3% 74.5% 2.71 1.4%

S-5 18 - 20 SPT CL 18.8%

S-6 23 - 25 SPT SC 10.0% 16.0% 53.1% 30.9%

S-7 28 - 30 SPT SC 11.9%

S-8 33 - 35 SPT SC 8.1%

S-9 38 - 40 SPT CL 13.8% 37 19 18

S-10 40 - 42 SPT SC 12.1% 47.6%

S-11 42 - 44 SPT CL 14.6%

S-12 44 - 46 SPT CL A-6(14) 15.7% 38 18 20 1.3% 22.2% 76.5% 2.0%

S-13 46 - 48 SPT CL 10.6%

S-14 48 - 50 SPT CL 11.7%

S-1 0 - 2 SPT CL-ML 23.8%

S-2 3 - 5 SPT CL A-7-6(20) 20.5% 45 22 23 0.0% 14.9% 85.1%

S-3 8 - 10 SPT CL 20.6% 34 17 17

S-4 13 - 15 SPT CL 20.4%

S-5 18 - 20 SPT CL 19.1%

S-6 23 - 25 SPT CL A-6(16) 15.5% 39 18 21 0.0% 20.9% 79.1% 2.72 1.5%

S-7 28 - 30 SPT CL 10.8%

S-8 33 - 35 SPT CL 14.4%

S-9 38 - 40 SPT SC-SM 14.5% 48.4% 4.5%

S-10 40 - 42 SPT CL 14.4% 30 18 12 2.3%

S-11 42 - 44 SPT CL 16.1%

S-12 44 - 46 SPT CL A-6(7) 13.5% 32 15 17 0.2% 38.7% 61.1%

S-13 46 - 48 SPT CL 13.4%

S-1 0 - 2 SPT CL-ML 15.7%

S-2 3 - 5 SPT CL A-6(13) 17.1% 35 17 18 0.0% 18.9% 81.1%

S-3 8 - 10 SPT SC 12.5% 1.1% 81.2% 17.7%

S-4 13 - 15 SPT CL 18.4%

S-5 18 - 20 SPT CL 16.4% 40 20 20

S-6 23 - 25 SPT CL 14.7%

S-7 25 - 27 SPT CL 14.5%

S-8 27 - 29 SPT CH A-7-6(32) 15.7% 57 22 35 0.0% 15.3% 84.7% 2.73

S-9 29 - 31 SPT CL 16.9% 42 19 23

S-10 31 - 33 SPT CL 22.0%

GRAIN SIZE DIST.

AASHTO PL

Loss on 

Ignition

SUMMARY OF LABORATORY TEST RESULTS

CRISTAL USA STOCKPILE CHARACTERIZATION - ANCHOR QEA

E2CR Project No. 16559-04

TABLE C-1

Specific 

Gravity

CLASSIFICATION

PI

ATTERBERG

LL

Moisture 

Content
USCSType

Depth

(feet)

SAMPLE

AQ-02

AQ-03

AQ-01

Boring No.
No.

AQ-04

Page 1 of 4



Gravel Sand Fines

(%) (%) (%) (%)

GRAIN SIZE DIST.

AASHTO PL

Loss on 

Ignition

SUMMARY OF LABORATORY TEST RESULTS

CRISTAL USA STOCKPILE CHARACTERIZATION - ANCHOR QEA

E2CR Project No. 16559-04

TABLE C-1

Specific 

Gravity

CLASSIFICATION

PI

ATTERBERG

LL

Moisture 

Content
USCSType

Depth

(feet)

SAMPLE

AQ-01

Boring No.
No.

S-1 0 - 2 SPT CL 18.8%

S-2 3 - 5 SPT CL 20.1%

S-3A 8 - 10 SPT CL 15.2%

S-3B 8 - 10 SPT CH 17.0%

S-4 13 - 15 SPT CH A-7-6(35) 17.7% 56 20 36 0.0% 9.5% 90.5%

S-5 18 - 20 SPT CH 18.2%

S-6 23 - 25 SPT CH 17.5%

S-7 28 - 30 SPT SC 11.3% 0.0% 84.8% 15.2% 2.66

S-8 33 - 35 SPT SC 11.7%

S-9 38 - 40 SPT SC A-2-6(0) 13.6% 23 12 11 0.0% 69.4% 30.6% 1.6%

S-10 43 - 45 SPT SC 12.7% 0.0% 50.6% 49.4%

S-11 48 - 50 SPT SC 12.3%

S-12 53 - 55 SPT SC 28.0% 32.8%

S-13 58 - 60 SPT CL 15.1%

S-14 63 - 65 SPT CL 15.3% 39 17 22

S-15 68 - 70 SPT CL 15.1%

S-16A 74 - 76 SPT CL 17.4% 24 15 9 4.2%

S-16B 74 - 76 SPT CL 15.0%

S-17 76 - 78 SPT CL 12.4%

S-18A 78 - 80 SPT CL 10.5%

S-18B 78 - 80 SPT CL 14.4%

S-19A 80 - 82 SPT CL 15.1%

S-19B 80 - 82 SPT CL 12.3%

S-20 82 - 84 SPT CL A-6(7) 11.6% 32 15 17 11.1% 29.4% 59.5% 1.3%

S-21 84 - 86 SPT MH 64.3%

S-22 86 - 88 SPT MH 58.1%

S-23 88 - 90 SPT MH A-7-5(20) 58.9% 60 49 11 0.0% 0.9% 99.1% 12.6%

S-1 0 - 2 SPT ML 12.7%

S-2 3 - 5 SPT CL A-6(9) 20.5% 30 17 13 0.00% 19.40% 80.6%

S-3 8 - 10 SPT CL 22.8%

S-4 13 - 15 SPT CL 17.0%

S-5 18 - 20 SPT SC 10.5%

S-6 23 - 25 SPT CL 14.6% 32 16 16 2.66

S-7A 25 - 26.5 SPT CL 15.5%

S-7B 26.5 - 27 SPT SC 9.9% 18.7%

S-8 27 - 29 SPT SC 12.1%

S-9 29 - 31 SPT SC 9.7%

S-10 31 - 33 SPT SP-SC 6.6% 0.00% 90.50% 9.5%

S-11 33 - 35 SPT SP-SC 9.2%

S-12 35 - 37 SPT CL 13.0% 30 17 13

S-1 0 - 2 SPT SM 18.1%

S-2 3 - 5 SPT CL 19.8%

S-3 8 - 10 SPT CL A-6(13) 17.2% 36 18 18 0.00% 19.80% 80.2% 2.71

S-4 13 - 15 SPT CL 17.6%

S-5 18 - 20 SPT SC 12.5% 4.70% 57.50% 37.8% 2.5%

S-6 23 - 25 SPT CL 19.0% 39 19 20

S-7 25 - 27 SPT CL 13.8%

S-8 27 - 29 SPT CL 16.2%

S-9 29 - 31 SPT SC 13.2% 4.20% 60.80% 35.0%

AQ-05

AQ-06

AQ-07

Page 2 of 4



Gravel Sand Fines

(%) (%) (%) (%)

GRAIN SIZE DIST.

AASHTO PL

Loss on 

Ignition

SUMMARY OF LABORATORY TEST RESULTS

CRISTAL USA STOCKPILE CHARACTERIZATION - ANCHOR QEA

E2CR Project No. 16559-04

TABLE C-1

Specific 

Gravity

CLASSIFICATION

PI

ATTERBERG

LL

Moisture 

Content
USCSType

Depth

(feet)

SAMPLE

AQ-01

Boring No.
No.

S-1 0 - 2 SPT CL 18.3%

S-2 3 - 5 SPT CL A-7-6(28) 17.2% 48 22 26 0.0% 4.1% 95.9%

S-3 8 - 10 SPT CL 16.0%

S-4 13 - 15 SPT CL 19.2%

S-5 18 - 20 SPT CL A-6(10) 14.4% 33 16 17 0.0% 26.6% 73.4% 2.69

S-6 23 - 25 SPT CL 14.2%

S-7 28 - 30 SPT CL 15.4%

S-8 33 - 35 SPT ML 14.6% 0.0% 27.6% 72.4% 2.0%

S-9 38 - 40 SPT ML 16.7% 0.0% 15.4% 84.6%

S-10 43 - 45 SPT CL 18.2%

S-11 48 - 50 SPT CL 14.8%

S-12 53 - 55 SPT CL 15.4% 1.5%

S-13 55 - 57 SPT CL 11.5% 38 16 22

S-14 57 - 59 SPT CL 12.7%

S-15 59 - 61 SPT CL 16.4% 40 19 21

S-16 61 - 63 SPT SM 11.5% 0.5% 63.9% 35.6%

S-1 0 - 2 SPT SM 27.2%

S-2 3 - 5 SPT CL 17.9% 2.8%

S-3 8 - 10 SPT CL A-6(14) 18.9% 36 18 18 0.0% 18.7% 81.3%

S-4 13 - 15 SPT CL 17.6% 2.4%

S-5 15 - 17 SPT CL 13.6%

S-6 17 - 19 SPT SP-SC 13.1% 0.0% 88.9% 11.1% 2.66

S-7 19 - 21 SPT SP-SC 14.9%

S-1 0 - 2 SPT SM 14.6%

S-2 3 - 5 SPT CL A-6(16) 18.2% 39 19 20 0.2% 16.0% 83.8%

S-3 8 - 10 SPT CL 13.6% 2.70

S-5 15 - 17 SPT SC 7.5% 0.0% 84.8% 15.2%

S-1 0 - 2 SPT SM 23.9%

S-2 3 - 5 SPT CL 15.3%

S-3 8 - 10 SPT CL A-6(5) 13.7% 28 15 13 0.1% 39.1% 60.8%

S-4 13 - 15 SPT CL 12.3%

S-5 18 - 20 SPT CL 11.9% 50.9%

S-6 23 - 25 SPT CL 19.0%

S-7 28 - 30 SPT CL 17.3%

S-8 33 - 35 SPT CL 15.0%

S-9 38 - 40 SPT CL A-6(11) 13.0% 31 15 16 0.0% 20.7% 79.3%

S-10 43 - 45 SPT CL 16.8%

S-11 48 - 50 SPT CL 13.1%

S-12 53 - 55 SPT SC 9.2% 35.9%

S-13 58 - 60 SPT CL 15.7%

S-14 63 - 65 SPT CL 13.5%

S-15 68 - 70 SPT CL 19.8% 40 21 19

S-16 70 - 72 SPT CL 16.2%

S-17 72 - 74 SPT CL 13.7%

S-18 74 - 76 SPT CL 13.4%

S-19 76 - 78 SPT CL 18.0%

S-20 78 - 80 SPT CL 18.5%

S-21 80 - 82 SPT CL 16.6%

S-22 82 - 84 SPT CL A-7-6(26) 15.5% 46 19 27 0.0% 8.1% 91.9% 2.69

AQ-11

AQ-08

AQ-09

AQ-10
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Gravel Sand Fines

(%) (%) (%) (%)

GRAIN SIZE DIST.

AASHTO PL

Loss on 

Ignition

SUMMARY OF LABORATORY TEST RESULTS

CRISTAL USA STOCKPILE CHARACTERIZATION - ANCHOR QEA

E2CR Project No. 16559-04

TABLE C-1

Specific 

Gravity

CLASSIFICATION

PI

ATTERBERG

LL

Moisture 

Content
USCSType

Depth

(feet)

SAMPLE

AQ-01

Boring No.
No.

S-1 0 - 2 SPT CL 18.0%

S-2 3 - 5 SPT CL 17.1% 25 11 14 67.6% 2.74

S-3 8 - 10 SPT CL 12.4%

S-4 13 - 15 SPT SC 15.2% 0.4% 59.8% 39.8%

S-5 18 - 20 SPT CL 19.1%

S-6 23 - 25 SPT CL 9.9%

S-7 25 - 27 SPT CL 18.1% 42 21 21

S-8 27 - 29 SPT CL 14.5%

S-9 29 - 31 SPT CL 13.3%

S-10 31 - 33 SPT SC 12.0% 0.8% 57.3% 41.9% 2.67 1.5%

S-11 33 - 35 SPT CL 12.1%

S-12 35 - 37 SPT CL 17.8% 41 20 21

AQ-12
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E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Reddish Brown, Lean CLAY with Sand
USDA: Clay Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.8
99.2
97.6
86.9
82.2

20 37 17

0.1310 0.0931 0.0090
0.0046 0.0019

CL A-6(13)

Natural Moisture: 12.7%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-01 Depth: 3.0'-5.0'
Sample Number: S-2 Date:

Client:

Project:

Project No: Figure
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E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Gray, Brown, Clayey SAND
3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0

99.8
99.4
97.1
80.5
60.4
48.1
45.3

0.5779 0.4850 0.2467
0.1366

Natural Moisture: 13.9%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-01 Depth: 8.0'-10.0'
Sample Number: S-3 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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% Gravel

Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay
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E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Reddish Brown, Lean CLAY with Sand
USDA: Clay Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0

99.8
99.7
98.4
91.6
85.0
77.9
74.5

17 36 19

0.3746 0.2505 0.0114
0.0058 0.0014

CL A-6(12)

Natural Moisture: 16.5%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-02 Depth: 13.0'-15.0'
Sample Number: S-4 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/10/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Tan, Brown, Silty SAND with Gravel
USDA: Sandy Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0

85.1
85.1
84.4
84.0
83.7
82.4
68.7
46.7
33.1
30.9

29.5366 17.1581 0.3439
0.2727 0.0510 0.0023
0.0014 250.53 5.51

Natural Moisture: 10.0%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-02 Depth: 23.0'-25.0'
Sample Number: S-6 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Gray, Brown, Lean CLAY with Sand
USDA: Clay3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0

98.7
98.4
97.9
94.4
87.6
79.9
76.5

18 38 20

0.3016 0.1939 0.0081
0.0048

CL A-6(14)

Natural Moisture: 15.7%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-02 Depth: 44.0'-46.0'
Sample Number: S-12 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Gray, Reddish Brown, Lean CLAY with Sand
USDA: Silty Clay Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.8
99.5
99.0
91.4
85.1

22 45 23

0.0983 0.0743 0.0086
0.0039 0.0014

CL A-7-6(20)

Natural Moisture: 20.5%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-03 Depth: 3.0'-5.0'
Sample Number: S-2 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Gray, Lean CLAY with Sand
USDA: Clay3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.9
99.8
98.9
95.9
83.4
79.1

18 39 21

0.1604 0.1174 0.0073
0.0030

CL A-6(16)

Natural Moisture: 15.5%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-03 Depth: 23.0'-25.0'
Sample Number: S-6 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Reddish Brown, Sandy Lean CLAY
USDA: Clay Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0

99.8
99.6
98.4
88.9
74.7
64.1
61.1

15 32 17

0.4462 0.3663 0.0573
0.0131 0.0023

CL A-6(7)

Natural Moisture: 13.5%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-03 Depth: 44.0'-46.0'
Sample Number: S-12 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Gray, Brown, Lean CLAY with Sand
USDA: Clay Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.8
99.6
99.2
97.5
85.9
81.1

17 35 18

0.1365 0.0999 0.0102
0.0052 0.0017

CL A-6(13)

Natural Moisture: 17.1%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-04 Depth: 3.0'-5.0'
Sample Number: S-2 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/10/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Orange, Brown, Clayey SAND
3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0

98.9
98.9
98.4
92.2
46.1
23.1
18.5
17.7

0.8115 0.7409 0.5186
0.4509 0.3115

Natural Moisture: 12.5%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-04 Depth: 8.0'-10.0'
Sample Number: S-3 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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% Sand
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Clay

0.0 0.0 1.1 0.5 52.3 28.4 17.7
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Reddish Gray, Fat CLAY with Sand
USDA: Clay3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.9
99.3
98.0
96.3
88.1
84.7

22 57 35

0.1254 0.0778 0.0035
0.0018

CH A-7-6(32)

Natural Moisture: 15.7%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-04 Depth: 27.0'-29.0'
Sample Number: S-8 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Gray, Red, Fat CLAY
USDA: Silty Clay3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.6
98.7
97.7
92.9
90.5

20 56 36

0.0559 0.0186 0.0033
0.0022

CH A-7-6(35)

Natural Moisture: 17.7%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-05 Depth: 13.0'-15.0'
Sample Number: S-4 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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% Sand
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/10/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Tan, Clayey SAND
3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.6
82.5
28.4
19.4
16.1
15.2

1.1281 0.9276 0.6414
0.5726 0.4382

Natural Moisture: 11.3%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-05 Depth: 28.0'-30.0'
Sample Number: S-7 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0.0 0.0 0.0 0.4 71.2 13.2 15.2
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/11/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Gray, Brown, Clayey SAND
USDA: Sandy Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.8
96.8
77.2
55.1
34.3
30.6

12 23 11

0.6197 0.5259 0.2832
0.2162 0.0351 0.0015

SC A-2-6(0)

Natural Moisture: 13.6%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-05 Depth: 38.0'-40.0'
Sample Number: S-9 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)

P
E

R
C

E
N

T
 F

IN
E

R

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.0010.010.1110100
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Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/10/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Brown, Silty SAND
USDA: Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.9
99.3
89.7
67.3
52.0
49.4

0.4293 0.3760 0.1956
0.0820 0.0043 0.0018
0.0015 127.27 0.06

Natural Moisture: 12.7%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-05 Depth: 43.0'-45.0'
Sample Number: S-10 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/11/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Tan, Sandy Lean CLAY
USDA: Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0

95.0
90.4
88.9
82.9
79.5
76.4
73.6
63.6
59.5

15 32 17

6.6657 2.6983 0.0782
0.0341 0.0041

CL A-6(7)

Natural Moisture: 11.6%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-05 Depth: 82.0'-84.0'
Sample Number: S-20 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Tan, Brown, Elastic SILT
USDA: Silt3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.9
99.8
99.6
99.3
99.1

49 60 11

0.0562 0.0502 0.0196
0.0180 0.0156 0.0138
0.0123 1.60 1.01

MH A-7-5(20)

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-05 Depth: 88.0'-90.0'
Sample Number: S-23 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/12/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Gray, Brown, Lean CLAY with Sand
USDA: Clay Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.9
99.6
99.4
98.7
87.2
80.6

17 30 13

0.1235 0.0943 0.0148
0.0080 0.0021

CL A-6(9)

Natural Moisture: 20.5%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-06 Depth: 3.0'-5.0'
Sample Number: S-2 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/10/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Tan, Poorly Graded SAND with Silt
3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.4
76.4
27.9
10.5

9.5

0.5365 0.4841 0.3539
0.3200 0.2570 0.1500
0.0893 3.96 2.09

Natural Moisture: 6.6%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-06 Depth: 31.0'-33.0'
Sample Number: S-10 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Gray, Brown, Lean CLAY with Sand
USDA: Clay Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.8
99.2
98.0
85.7
80.2

18 36 18

0.1349 0.1017 0.0118
0.0056 0.0017

CL A-6(13)

Natural Moisture: 17.2%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-07 Depth: 8.0'-10.0'
Sample Number: S-3 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/10/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Brown, Clayey SAND
3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0

98.6
95.3
93.9
89.8
69.4
49.4
39.5
37.8

0.8741 0.6793 0.3371
0.2551 0.0162 0.0027

Natural Moisture: 11.2%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-07 Depth: 18.0'-20.0'
Sample Number: S-5 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/10/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Brown, Clayey SAND
3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0

95.8
95.8
95.5
93.0
75.5
50.1
37.2
35.0

0.6892 0.5549 0.3110
0.2495

Natural Moisture: 13.2%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-07 Depth: 29.0'-31.0'
Sample Number: S-9 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Clay
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/11/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Brown, Lean CLAY
USDA: Silty Clay3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.8
99.6
97.7
95.9

22 48 26

0.0238 0.0183 0.0043
0.0025

CL A-7-6(28)

Natural Moisture: 17.2%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-08 Depth: 3.0'-5.0'
Sample Number: S-2 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/10/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Reddish Brown, Lean CLAY with Sand
USDA: Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.7
99.2
96.1
92.4
79.8
73.4

16 33 17

0.2006 0.1423 0.0269
0.0124 0.0025 0.0015

CL A-6(10)

Natural Moisture: 14.4%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-08 Depth: 18.0'-20.0'
Sample Number: S-5 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Gray, Brown, SILT with Sand
3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.7
99.5
99.3
97.7
79.9
72.4

0.1614 0.1311

Natural Moisture: 14.6%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-08 Depth: 33.0'-35.0'
Sample Number: S-8 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/10/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Gray, Brown, SILT with Sand
USDA: Silty Clay Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.9
99.7
99.3
91.3
84.6

0.0989 0.0767 0.0145
0.0070 0.0021

Natural Moisture: 16.7%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-08 Depth: 38.0'-40.0'
Sample Number: S-9 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Fine Coarse Medium

% Sand
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% Fines

Clay
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/12/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Tan, Silty SAND
USDA: Sandy Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0

99.5
99.0
96.1
78.4
53.6
37.7
35.6

0.6033 0.5067 0.2893
0.2259 0.0143 0.0018

Natural Moisture: 11.5%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-08 Depth: 61.0'-63.0'
Sample Number: S-16 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/12/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Gray, Red, Tan, Lean CLAY with Sand
USDA: Silty Clay Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.6
98.9
95.3
89.8
83.4
81.3

18 36 18

0.2560 0.1369 0.0083
0.0053 0.0020

CL A-6(14)

Natural Moisture: 18.9%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-09 Depth: 8.0'-10.0'
Sample Number: S-3 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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E2CR, Inc.

Baltimore, MD

4/7/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Tan, Poorly Graded SAND with Silt
3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.4
78.7
29.6
12.6
11.1

0.5139 0.4664 0.3460
0.3134 0.2514 0.1309

Natural Moisture: 13.1%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-09 Depth: 17.0'-19.0'
Sample Number: S-6 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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E2CR, Inc.

Baltimore, MD

4/12/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Brown, Lean CLAY with Sand
USDA: Clay3.0

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0

99.8
99.5
99.2
98.4
97.1
88.0
83.8

19 39 20

0.1236 0.0834 0.0088
0.0033

CL A-6(16)

Natural Moisture: 18.2%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-10 Depth: 3.0'-5.0'
Sample Number: S-2 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/12/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Tan, Clayey SAND
USDA: Loamy Sand3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.6
85.9
45.2
18.1
15.2

0.4602 0.4188 0.3023
0.2669 0.1875 0.0713
0.0089 34.00 13.07

Natural Moisture: 7.5%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-10 Depth: 15.0'-17.0'
Sample Number: S-5 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/12/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Brown, Sandy Lean CLAY
USDA: Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0

99.9
99.7
98.2
88.5
75.4
64.1
60.8

15 28 13

0.4562 0.3679 0.0678
0.0154 0.0025

CL A-6(5)

Natural Moisture: 13.7%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-11 Depth: 8.0'-10.0'
Sample Number: S-3 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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% Sand

Fine Silt
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E2CR, Inc.

Baltimore, MD

4/12/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Gray, Lean CLAY with Sand
USDA: Clay Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.9
99.9
99.6
98.3
87.0
79.3

15 31 16

0.1237 0.0967 0.0223
0.0080 0.0018

CL A-6(11)

Natural Moisture: 13.0%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-11 Depth: 38.0'-40.0'
Sample Number: S-9 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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0.0 0.0 0.0 0.1 0.3 20.3 34.1 45.2
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E2CR, Inc.

Baltimore, MD

4/11/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Brown, Lean CLAY
USDA: Silty Clay Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.9
99.7
99.1
97.7
94.3
91.9

19 46 27

0.0328 0.0232 0.0055
0.0032 0.0015

CL A-7-6(26)

Natural Moisture: 15.5%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-11 Depth: 82.0'-84.0'
Sample Number: S-22 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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% Sand
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Clay
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E2CR, Inc.

Baltimore, MD

4/10/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Brown, Sandy Lean CLAY
USDA: Clay Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.9
99.1
93.0
84.4
71.8
67.6

11 25 14

0.3488 0.2595 0.0308
0.0095 0.0021

CL A-6(6)

Natural Moisture: 17.1%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-12 Depth: 3.0'-5.0'
Sample Number: S-2 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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0.0010.010.1110100

% +3"
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Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0.0 0.0 0.0 0.1 6.9 25.4 26.2 41.4
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/12/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Brown, Clayey SAND
USDA: Sandy Loam3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0

99.6
99.2
98.0
82.5
56.0
42.1
39.8

0.5237 0.4515 0.2736
0.2087 0.0091 0.0016

Natural Moisture: 15.2%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-12 Depth: 13.0'-15.0'
Sample Number: S-4 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0.0 0.0 0.4 0.4 16.7 42.7 14.3 25.5
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Particle Size Distribution Report



E2CR, Inc.

Baltimore, MD

4/10/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Red, Brown, Clayey SAND
3

2.5
1.5
1

.75
.375
#4
#10
#20
#40
#60

#140
#200

100.0
100.0
100.0
100.0
100.0
100.0

99.2
98.9
97.6
84.1
60.7
44.6
41.9

0.5114 0.4353 0.2451
0.1681

Natural Moisture: 12.0%

Anchor QEA

CRISTAL USA STOCKPILE CHARACTERIZATION

16559-04

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: AQ-12 Depth: 31.0'-33.0'
Sample Number: S-10 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay
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Particle Size Distribution Report



Reddish Brown, Lean CLAY with Sand
USDA: Clay Loam

37 20 17 99.2 82.2 CL

Olive gray, brown, Lean CLAY with Sand 22 13 9 CL

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-01 Depth: 3.0'-5.0' Sample Number: S-2

Source of Sample: AQ-01 Depth: 13.0'-15.0' Sample Number: S-4A
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CRISTAL USA STOCKPILE CHARACTERIZATION



Reddish Brown, Lean CLAY with Sand
USDA: Clay Loam

36 17 19 91.6 74.5 CL

Red, pink, light gray, Lean CLAY, trace Sand 37 19 18 CL

Red, Gray, Brown, Lean CLAY with Sand
USDA: Clay

38 18 20 94.4 76.5 CL

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-02 Depth: 13.0'-15.0' Sample Number: S-4

Source of Sample: AQ-02 Depth: 38.0'-40.0' Sample Number: S-9

Source of Sample: AQ-02 Depth: 44.0'-46.0' Sample Number: S-12
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Gray, Reddish Brown, Lean CLAY with Sand
USDA: Silty Clay Loam

45 22 23 99.5 85.1 CL

Red, reddish brown, pink, light gray, Lean CLAY with
Sand

34 17 17 CL

Red, Gray, Lean CLAY with Sand
USDA: Clay

39 18 21 98.9 79.1 CL

Red, reddish brown, pink, light gray, Sandy Lean CLAY 30 18 12 CL

Reddish Brown, Sandy Lean CLAY
USDA: Clay Loam

32 15 17 88.9 61.1 CL

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-03 Depth: 3.0'-5.0' Sample Number: S-2

Source of Sample: AQ-03 Depth: 8.0'-10.0' Sample Number: S-3

Source of Sample: AQ-03 Depth: 23.0'-25.0' Sample Number: S-6

Source of Sample: AQ-03 Depth: 40.0'-42.0' Sample Number: S-10

Source of Sample: AQ-03 Depth: 44.0'-46.0' Sample Number: S-12
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LIQUID AND PLASTIC LIMITS TEST REPORT

CRISTAL USA STOCKPILE CHARACTERIZATION



Red, Gray, Brown, Lean CLAY with Sand
USDA: Clay Loam

35 17 18 99.2 81.1 CL

Red, pink, light gray, Lean CLAY 40 20 20 CL

Reddish Gray, Fat CLAY with Sand
USDA: Clay

57 22 35 98.0 84.7 CH

Red, pink, reddish brown, light gray, Lean CLAY with
Sand

42 19 23 CL

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-04 Depth: 3.0'-5.0' Sample Number: S-2

Source of Sample: AQ-04 Depth: 18.0'-20.0' Sample Number: S-5

Source of Sample: AQ-04 Depth: 27.0'-29.0' Sample Number: S-8

Source of Sample: AQ-04 Depth: 29.0'-31.0' Sample Number: S-9
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LIQUID AND PLASTIC LIMITS TEST REPORT

CRISTAL USA STOCKPILE CHARACTERIZATION



Gray, Red, Fat CLAY
USDA: Silty Clay

56 20 36 98.7 90.5 CH

Red, Gray, Brown, Clayey SAND
USDA: Sandy Loam

23 12 11 77.2 30.6 SC

Reddish brown, red, Lean CLAY with Sand 39 17 22 CL

Reddish brown, red, Lean CLAY with Sand 24 15 9 CL

Red, Tan, Sandy Lean CLAY
USDA: Loam

32 15 17 76.4 59.5 CL

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-05 Depth: 13.0'-15.0' Sample Number: S-4

Source of Sample: AQ-05 Depth: 38.0'-40.0' Sample Number: S-9

Source of Sample: AQ-05 Depth: 63.0'-65.0' Sample Number: S-14

Source of Sample: AQ-05 Depth: 74.0'-76.0' Sample Number: S-16A

Source of Sample: AQ-05 Depth: 82.0'-84.0' Sample Number: S-20
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LIQUID AND PLASTIC LIMITS TEST REPORT

CRISTAL USA STOCKPILE CHARACTERIZATION



Red, Tan, Brown, Elastic SILT
USDA: Silt

60 49 11 99.8 99.1 MH

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-05 Depth: 88.0'-90.0' Sample Number: S-23
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LIQUID AND PLASTIC LIMITS TEST REPORT

CRISTAL USA STOCKPILE CHARACTERIZATION



Gray, Brown, Lean CLAY with Sand
USDA: Clay Loam

30 17 13 99.4 80.6 CL

Red, pink, reddish brown, light gray, Lean CLAY with
Sand

32 16 16 CL

Red, reddish brown, light gray, Lean CLAY with Sand 30 17 13 CL

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-06 Depth: 3.0'-5.0' Sample Number: S-2

Source of Sample: AQ-06 Depth: 23.0'-25.0' Sample Number: S-6

Source of Sample: AQ-06 Depth: 35.0'-37.0' Sample Number: S-12
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LIQUID AND PLASTIC LIMITS TEST REPORT

CRISTAL USA STOCKPILE CHARACTERIZATION



Red, Gray, Brown, Lean CLAY with Sand
USDA: Clay Loam

36 18 18 99.2 80.2 CL

Red, pink, reddish brown, light gray, Lean CLAY with
Sand

39 19 20 CL

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-07 Depth: 8.0'-10.0' Sample Number: S-3

Source of Sample: AQ-07 Depth: 23.0'-25.0' Sample Number: S-6
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LIQUID AND PLASTIC LIMITS TEST REPORT

CRISTAL USA STOCKPILE CHARACTERIZATION



Red, Brown, Lean CLAY
USDA: Silty Clay

48 22 26 99.8 95.9 CL

Reddish Brown, Lean CLAY with Sand
USDA: Loam

33 16 17 96.1 73.4 CL

Light gray, red, Lean CLAY, with Sand 38 16 22 CL

Light gray, red, Lean CLAY, with Sand 40 19 21 CL

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-08 Depth: 3.0'-5.0' Sample Number: S-2

Source of Sample: AQ-08 Depth: 18.0'-20.0' Sample Number: S-5

Source of Sample: AQ-08 Depth: 55.0'-57.0' Sample Number: S-13

Source of Sample: AQ-08 Depth: 59.0'-61.0' Sample Number: S-15

P
L

A
S

T
IC

IT
Y

 I
N

D
E

X

0

10

20

30

40

50

60

LIQUID LIMIT
0 10 20 30 40 50 60 70 80 90 100 110

CL-ML

C
L o

r O
L

C
H
 o

r O
H

ML or OL MH or OH

Dashed line indicates the approximate
upper limit boundary for natural soils

4

7

LIQUID AND PLASTIC LIMITS TEST REPORT

CRISTAL USA STOCKPILE CHARACTERIZATION



Gray, Red, Tan, Lean CLAY with Sand
USDA: Silty Clay Loam

36 18 18 95.3 81.3 CL

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-09 Depth: 8.0'-10.0' Sample Number: S-3
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LIQUID AND PLASTIC LIMITS TEST REPORT

CRISTAL USA STOCKPILE CHARACTERIZATION



Red, Brown, Lean CLAY with Sand
USDA: Clay

39 19 20 98.4 83.8 CL

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-10 Depth: 3.0'-5.0' Sample Number: S-2
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LIQUID AND PLASTIC LIMITS TEST REPORT

CRISTAL USA STOCKPILE CHARACTERIZATION



Red, Brown, Sandy Lean CLAY
USDA: Loam

28 15 13 88.5 60.8 CL

Red, Gray, Lean CLAY with Sand
USDA: Clay Loam

31 15 16 99.6 79.3 CL

Red, reddish brown, light gray, Lean CLAY with Sand 40 21 19 CL

Red, Brown, Lean CLAY
USDA: Silty Clay Loam

46 19 27 99.1 91.9 CL

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-11 Depth: 8.0'-10.0' Sample Number: S-3

Source of Sample: AQ-11 Depth: 38.0'-40.0' Sample Number: S-9

Source of Sample: AQ-11 Depth: 68.0'-70.0' Sample Number: S-15

Source of Sample: AQ-11 Depth: 82.0'-84.0' Sample Number: S-22
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LIQUID AND PLASTIC LIMITS TEST REPORT

CRISTAL USA STOCKPILE CHARACTERIZATION



Red, Brown, Sandy Lean CLAY
USDA: Clay Loam

25 11 14 93.0 67.6 CL

Red, brown, Lean CLAY with Sand 42 21 21 CL

Gray, red, brown, Lean CLAY with Sand 41 20 21 CL

16559-04 Anchor QEA

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

E2CR, Inc.

Baltimore, MD Figure

Source of Sample: AQ-12 Depth: 3.0'-5.0' Sample Number: S-2

Source of Sample: AQ-12 Depth: 25.0'-27.0' Sample Number: S-7

Source of Sample: AQ-12 Depth: 35.0'-37.0' Sample Number: S-12
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LIQUID AND PLASTIC LIMITS TEST REPORT

CRISTAL USA STOCKPILE CHARACTERIZATION
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Anchor QEA, LLC 
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Portland, OR 97219  
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GeoTesting Express, Inc. 125 Nagog Park Acton, MA 01720 Toll Free 800 434 1062 Fax 978 635 0266 
 

 
 
May 4, 2017 

Rick Schwarz 
Anchor QEA, LLC 
6720 SW Macadam Ave, Suite 125 
Portland, OR 97219  
 

RE:      Cristal, MD (GTX-306179) 

Dear Rick: 

Enclosed are the test results you requested for the above referenced project.  GeoTesting Express, Inc. 
(GTX) received six samples from you on 3/21/2017.  These samples were labeled as follows: 
 

Sample 
TP01   
TP02   
TP04   
TP05   
TP06   
TP08A   

 
GTX performed the following tests on these samples:  
 

ASTM D2216 - Moisture Content 
ASTM D2974 - Moisture, Ash and Organic Matter 
ASTM D854 - Specific Gravity 
ASTM D422 - Grain Size Analysis - Sieve and Hydrometer 
ASTM D4318 - Atterberg Limits 
ASTM D698 - Standard Proctor 
ASTM D5084 - Flexible Wall Permeability 
ASTM D4767 - Three-Point CU Triaxial Shear Test Series 

 
As requested, the permeability and triaxial test specimens were compacted to a target density of 95% of 
the maximum dry density at the optimum moisture content. 
 
A copy of your test request is attached. 
 
The results presented in this report apply only to the items tested.  This report shall not be reproduced except in 
full, without written approval from GeoTesting Express.  The remainder of these samples will be retained for a 
period of sixty (60) days and will then be discarded unless otherwise notified by you.  Please call me if you have 
any questions or require additional information.  Thank you for allowing GeoTesting Express the opportunity of 
providing you with testing services.  We look forward to working with you again in the future. 



 
 

 
GeoTesting Express, Inc. 125 Nagog Park Acton, MA 01720 Toll Free 800 434 1062 Fax 978 635 0266 
 

 
Respectfully yours, 

Ethan Marro 
Assistant Laboratory Manager 
 



 
 
 

Geotechnical Test Report 5/4/2017 

            

   

 

GTX-306179 
Cristal 
MD 

Client Project No.: 160530-06.01 

 
 

 

Prepared for: 
 

Anchor QEA, LLC 
       



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 03/24/17
Test Id: 406943

Tested By: jbr
Checked By: emm

Moisture Content of Soil and Rock - ASTM D2216

printed 3/30/2017 5:09:42 PM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,% 

---

---

---

---

---

---

 TP01

 TP02

 TP04

 TP05

 TP06

 TP08A

---

---

---

---

---

---

Moist, mottled light gray and light
reddish brown clay with sand

Moist, mottled pinkish white and reddish
brown clay with sand

Moist, mottled light gray and red clay
with sand

Moist, mottled white and red clay 

Moist, mottled light gray and light
reddish brown clay with sand 

Moist, mottled red and light gray sandy
clay 

13.7

16.6

19.1

17.8

16.0

13.6

Notes: Temperature of Drying : 110º Celsius



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 03/30/17
Test Id: 406967

Tested By: cam
Checked By: emm

Moisture, Ash, and Organic Matter - ASTM D2974

printed 3/30/2017 5:08:07 PM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,% 

 Ash
Content,% 

 Organic
Matter,% 

---

---

---

---

---

---

TP01

TP02

TP04

TP05

TP06

TP08A

---

---

---

---

---

---

Moist, mottled light gray and
light reddish brown clay with

sand

Moist, mottled pinkish white
and reddish brown clay with

sand

Moist, mottled light gray and
red clay with sand

Moist, mottled white and red
clay 

Moist, mottled light gray and
light reddish brown clay with

sand 

Moist, mottled red and light
gray sandy clay 

14

17

19

18

16

14

98.8

98.6

98.6

98.8

98.0

99.2

1.2

1.4

1.4

1.2

2.0

.8

Notes: Moisture content determined by Method A and reported as a percentage of oven-dried mass;
dried to a constant mass at temperature of 105º C
Ash content and organic matter determined by Method C; dried to constant mass at temperature 440º C



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 03/28/17
Test Id: 406961

Tested By: jbr
Checked By: emm

Specific Gravity of Soils by ASTM D854

printed 3/30/2017 5:07:40 PM

Boring ID Sample ID Depth Visual Description Specific
Gravity

Comment

---

---

---

---

---

---

 TP01

 TP02

 TP04

 TP05

 TP06

 TP08A

---

---

---

---

---

---

Moist, mottled light gray and
light reddish brown clay with

sand

Moist, mottled pinkish white and
reddish brown clay with sand

Moist, mottled light gray and red
clay with sand

Moist, mottled white and red clay

Moist, mottled light gray and
light reddish brown clay with

sand 

Moist, mottled red and light gray
sandy clay 

2.72

2.73

2.71

2.72

2.69

2.66

Notes: Specific Gravity performed by using method B (oven dried specimens) of ASTM D854

Moisture Content determined by ASTM D2216.



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP01
Depth : ---

Sample Type: bucket
Test Date: 03/30/17
Test Id: 406950

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled light gray and light reddish brown clay with sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/30/2017 5:21:13 PM
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Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

19.00

12.50

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0272

0.0174

0.0108

0.0078

0.0056

0.0041

0.0029

0.0013

100

100

100

99

99

98

95

92

87

76

Percent Finer

70

67

60

55

50

45

42

27

Spec. Percent Complies

 Coefficients
D   =0.1320 mm85

D   =0.0106 mm60

D   =0.0055 mm50

D   =0.0015 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Lean clay with sand (CL)

 AASHTO Clayey Soils (A-6 (10))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP02
Depth : ---

Sample Type: bucket
Test Date: 03/30/17
Test Id: 406951

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled pinkish white and reddish brown clay with sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/30/2017 5:21:14 PM
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---

% Gravel

0.2

% Sand

16.1

% Silt & Clay Size

83.7
Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0264

0.0169

0.0103

0.0075

0.0054

0.0039

0.0028

0.0012

100

100

100

99

96

94

91

84

Percent Finer

78

75

70

65

60

54

49

29

Spec. Percent Complies

 Coefficients
D   =0.0851 mm85

D   =0.0056 mm60

D   =0.0030 mm50

D   =0.0013 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Lean clay with sand (CL)

 AASHTO Clayey Soils (A-6 (17))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP04
Depth : ---

Sample Type: bucket
Test Date: 03/30/17
Test Id: 406952

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled light gray and red clay with sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/30/2017 5:21:16 PM
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% Cobble

---

% Gravel
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Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

1 in 

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

25.00

19.00

12.50

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0275

0.0180

0.0108

0.0078

0.0056

0.0041

0.0030

0.0013

100

99

99

98

98

98

97

93

90

86

76

Percent Finer

70

64

56

51

46

42

37

20

Spec. Percent Complies

 Coefficients
D   =0.1385 mm85

D   =0.0143 mm60

D   =0.0072 mm50

D   =0.0021 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Lean clay with sand (CL)

 AASHTO Clayey Soils (A-7-6 (15))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP05
Depth : ---

Sample Type: bucket
Test Date: 03/30/17
Test Id: 406953

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled white and red clay 
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/30/2017 5:21:17 PM
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% Gravel

0.6

% Sand

13.1

% Silt & Clay Size

86.3
Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

19.00

12.50

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0226

0.0165

0.0102

0.0075

0.0054

0.0040

0.0029

0.0013

100

100

100

99

99

99

98

97

93

86

Percent Finer

80

73

66

59

53

47

41

20

Spec. Percent Complies

 Coefficients
D   =0.0593 mm85

D   =0.0077 mm60

D   =0.0047 mm50

D   =0.0019 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Lean clay (CL)

 AASHTO Clayey Soils (A-6 (16))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP06
Depth : ---

Sample Type: bucket
Test Date: 03/30/17
Test Id: 406954

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled light gray and light reddish brown clay with sand 
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/30/2017 5:21:18 PM
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% Gravel

0.0

% Sand

15.2

% Silt & Clay Size

84.8
Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0264

0.0167

0.0104

0.0075

0.0055

0.0040

0.0029

0.0013

100

100

100

100

100

99

95

85

Percent Finer

80

76

67

62

55

52

45

26

Spec. Percent Complies

 Coefficients
D   =0.0763 mm85

D   =0.0068 mm60

D   =0.0037 mm50

D   =0.0015 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Lean clay with sand (CL)

 AASHTO Clayey Soils (A-6 (19))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP08A
Depth : ---

Sample Type: bucket
Test Date: 03/30/17
Test Id: 406955

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled red and light gray sandy clay 
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/30/2017 5:21:20 PM
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% Cobble

---

% Gravel

0.3

% Sand

43.7

% Silt & Clay Size

56.0
Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

12.50

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0306

0.0185

0.0113

0.0081

0.0058

0.0042

0.0030

0.0013

100

100

100

99

98

83

68

62

56

Percent Finer

53

50

45

42

38

35

30

17

Spec. Percent Complies

 Coefficients
D   =0.4740 mm85

D   =0.1213 mm60

D   =0.0197 mm50

D   =0.0030 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Sandy Lean clay (CL)

 AASHTO Clayey Soils (A-6 (5))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP01
Depth : ---

Sample Type: bucket
Test Date: 03/29/17
Test Id: 406944

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled light gray and light reddish brown clay with sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/30/2017 5:06:29 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

TP01 --- --- 14 31 15 16 -0.1 Lean clay with sand (CL)

Sample Prepared using the WET method

5% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP02
Depth : ---

Sample Type: bucket
Test Date: 03/27/17
Test Id: 406945

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled pinkish white and reddish brown clay with sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/30/2017 5:06:29 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

TP02 --- --- 17 37 16 21 0 Lean clay with sand (CL)

Sample Prepared using the WET method

4% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP04
Depth : ---

Sample Type: bucket
Test Date: 03/29/17
Test Id: 406946

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled light gray and red clay with sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/30/2017 5:06:30 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

TP04 --- --- 19 42 21 21 -0.1 Lean clay with sand (CL)

Sample Prepared using the WET method

7% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP05
Depth : ---

Sample Type: bucket
Test Date: 03/29/17
Test Id: 406947

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled white and red clay 
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/30/2017 5:06:31 PM

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100

Pl
as

tic
ity

 In
de

x

Liquid Limit

Plasticity Chart

ML or OLCL-ML

CL or OL

MH or OH

CH or OH

"A" Line

"U" Line

Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

TP05 --- --- 18 38 19 19 -0.1 Lean clay (CL)

Sample Prepared using the WET method

2% Retained on #40 Sieve

Dry Strength: HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP06
Depth : ---

Sample Type: bucket
Test Date: 03/29/17
Test Id: 406948

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled light gray and light reddish brown clay with sand 
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/30/2017 5:06:32 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

TP06 --- --- 16 39 16 23 0 Lean clay with sand (CL)

Sample Prepared using the WET method

0% Retained on #40 Sieve

Dry Strength: HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP08A
Depth : ---

Sample Type: bucket
Test Date: 03/29/17
Test Id: 406949

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled red and light gray sandy clay 
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/30/2017 5:06:32 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

TP08A --- --- 14 28 13 15 0 Sandy Lean clay (CL)

Sample Prepared using the DRY method

17% Retained on #40 Sieve

Dry Strength: HIGH

Dilatancy: SLOW

Toughness: LOW

One Point Liquid Limit Test



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP01
Depth : ---

Sample Type: bucket
Test Date: 04/14/17
Test Id: 407906

Tested By: cwd
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled light gray and light reddish brown clay with sand
Sample Comment: ---

Compaction Report - ASTM D698

printed 4/21/2017 1:27:36 PM
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13.0
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14.9

Method : A

Preparation : WET

As received Moisture :14 %

Rammer : Manual

Zero voids line based on assumed specific gravity of 2.75

Maximum Dry Density= 119.9 pcf
Optimum Moisture= 13.2 %



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP02
Depth : ---

Sample Type: bucket
Test Date: 04/21/17
Test Id: 407907

Tested By: cwd
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled pinkish white and reddish brown clay with sand
Sample Comment: ---

Compaction Report - ASTM D698

printed 4/21/2017 1:28:21 PM
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Method : A

Preparation : WET

As received Moisture :17 %

Rammer : Manual

Zero voids line based on assumed specific gravity of 2.79

Maximum Dry Density= 115.0 pcf
Optimum Moisture= 14.9 %



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP04
Depth : ---

Sample Type: bucket
Test Date: 04/18/17
Test Id: 407908

Tested By: cwd
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled light gray and red clay with sand
Sample Comment: ---

Compaction Report - ASTM D698

printed 4/21/2017 1:29:09 PM
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Method : A

Preparation : WET

As received Moisture :19 %

Rammer : Manual

Zero voids line based on assumed specific gravity of 2.79

Maximum Dry Density= 116.3 pcf
Optimum Moisture= 13.6 %



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP05
Depth : ---

Sample Type: bucket
Test Date: 04/18/17
Test Id: 407909

Tested By: cwd
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled white and red clay 
Sample Comment: ---

Compaction Report - ASTM D698

printed 4/21/2017 1:29:38 PM
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Method : A

Preparation : WET

As received Moisture :18 %

Rammer : Manual

Zero voids line based on assumed specific gravity of 2.75

Maximum Dry Density= 111.7 pcf
Optimum Moisture= 16.4 %



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP06
Depth : ---

Sample Type: bucket
Test Date: 04/21/17
Test Id: 407910

Tested By: cwd
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled light gray and light reddish brown clay with sand 
Sample Comment: ---

Compaction Report - ASTM D698

printed 4/21/2017 1:40:38 PM
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Method : A

Preparation : WET

As received Moisture :16 %

Rammer : Manual

Zero voids line based on assumed specific gravity of 2.75

Maximum Dry Density= 112.2 pcf
Optimum Moisture= 14.0 %



Client: Anchor QEA, LLC
Project: Cristal
Location: MD Project No: GTX-306179
Boring ID: ---
Sample ID: TP08A
Depth : ---

Sample Type: bucket
Test Date: 04/21/17
Test Id: 407911

Tested By: cwd
Checked By: emm

Test Comment: ---
Visual Description: Moist, mottled red and light gray sandy clay 
Sample Comment: ---

Compaction Report - ASTM D698

printed 4/21/2017 2:45:35 PM
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Method : A

Preparation : WET

As received Moisture :14 %

Rammer : Manual

Zero voids line based on assumed specific gravity of 2.75

Maximum Dry Density= 120.9 pcf
Optimum Moisture= 12.2 %



Client: Anchor QEA, LLC
Project Name: Cristal
Project Location: MD
GTX #: 306179
Start Date: Tested By: jcw
End Date: Checked By: emm
Boring #: ---
Sample #: TP01
Depth: ---

Visual Description:

Sample Type: Remolded Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 4/4

Sample Preparation:

Assumed Specific Gravity: 2.65

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.02 Increased Cell Pressure, psi: 95.08 Cell Pressure Increment, psi: 5.06
Sample Pressure, psi: 83.98 Corresponding Sample Pressure, psi: 88.76 Sample Pressure Increment, psi: 4.78

B Coefficient: 0.95

FLOW DATA

Trial
Elapsed 
Time,

Permeability
K, Temp,

Permeability 
K @ 20 oC,

Date # Cell Sample Z1 Z2 Z1-Z2 sec Gradient cm/sec oC Rt cm/sec

4/18 1 90.0 84.0 11.5 11.3 0.2 64 18.9 1.3E-07 19.7 1.008 1.3E-07
4/18 2 90.0 84.0 11.5 11.3 0.2 67 18.9 1.2E-07 19.7 1.008 1.2E-07
4/18 3 90.0 84.0 11.5 11.3 0.2 70 18.9 1.2E-07 19.7 1.008 1.2E-07
4/18 4 90.0 84.0 11.5 11.3 0.2 72 18.9 1.1E-07 19.7 1.008 1.1E-07

Moist, mottled light gray and light reddish brown clay with 
sand

127.9
17.2
113.2

99

Pressure, psi

13.0
113.2

74

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Volume

Initial

19.4
677.1
132.7

Target Compaction: 95% of the maximum dry density (119.9 pcf) at the optimum moisture content (13.2%).  
Values specified by client.  Material > 3/8-inch screened out of sample prior to testing (0%).  Trimmings 
moisture content = 13.1%

Final
3.02
2.86
6.42

4/14/2017
4/19/2017

PERMEABILITY AT 20o C:   1.2 x 10-7  cm/sec   (@ 6 psi effective stress)

Parameter
3.02
2.86
6.42
19.4

Manometer Readings

652.5



Client: Anchor QEA, LLC
Project Name: Cristal
Project Location: MD
GTX #: 306179
Start Date: Tested By: jcw
End Date: Checked By: emm
Boring #: ---
Sample #: TP02
Depth: ---
Visual Description:

Sample Type: Remolded Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 9/2

Sample Preparation:

Assumed Specific Gravity: 2.65

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.04 Increased Cell Pressure, psi: 94.97 Cell Pressure Increment, psi: 4.93
Sample Pressure, psi: 83.97 Corresponding Sample Pressure, psi: 88.67 Sample Pressure Increment, psi: 4.71

B Coefficient: 0.95

FLOW DATA

Trial
Elapsed 
Time,

Permeability
K, Temp,

Permeability 
K @ 20 oC,

Date # Cell Sample Z1 Z2 Z1-Z2 sec Gradient cm/sec oC Rt cm/sec

4/20 1 90.0 84.0 12.0 11.8 0.2 72 19.7 1.1E-07 19.8 1.005 1.1E-07
4/20 2 90.0 84.0 12.0 11.8 0.2 77 19.7 1.0E-07 19.8 1.005 1.0E-07
4/20 3 90.0 84.0 12.0 11.8 0.2 82 19.7 9.5E-08 19.8 1.005 9.5E-08
4/20 4 90.0 84.0 12.0 11.8 0.2 85 19.7 9.1E-08 19.8 1.005 9.2E-08

Moist, mottled pinkish white and reddish brown clay with 
sand

4/19/2017
4/21/2017

PERMEABILITY AT 20o C:   9.9 x 10-8  cm/sec   (@ 6 psi effective stress)

Parameter
3.02
2.86
6.42
19.4

Manometer Readings

635.3

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Volume

Initial

19.4
663.3
130.0

Target Compaction: 95% of the maximum dry density (115.0 pcf) at the optimum moisture content (14.9%).  
Values specified by client.  Material > 3/8-inch screened out of sample prior to testing (0%).  Trimmings 
moisture content = 14.8%

Final
3.02
2.86
6.42

124.5
20.0
108.3
100

Pressure, psi

14.9
108.3

75



Client: Anchor QEA, LLC
Project Name: Cristal
Project Location: MD
GTX #: 306179
Start Date: Tested By: jcw
End Date: Checked By: emm
Boring #: ---
Sample #: TP04
Depth: ---
Visual Description: Moist, mottled light gray and red clay with sand

Sample Type: Remolded Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 3/2

Sample Preparation:

Assumed Specific Gravity: 2.65

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 92.00 Increased Cell Pressure, psi: 97.14 Cell Pressure Increment, psi: 5.14
Sample Pressure, psi: 85.95 Corresponding Sample Pressure, psi: 89.85 Sample Pressure Increment, psi: 3.90

B Coefficient: 0.76

FLOW DATA

Trial
Elapsed 
Time,

Permeability
K, Temp,

Permeability 
K @ 20 oC,

Date # Cell Sample Z1 Z2 Z1-Z2 sec Gradient cm/sec oC Rt cm/sec

4/20 1 92.0 86.0 12.0 11.8 0.2 80 19.8 9.7E-08 19.8 1.005 9.7E-08
4/20 2 92.0 86.0 12.0 11.8 0.2 84 19.8 9.2E-08 19.8 1.005 9.3E-08
4/20 3 92.0 86.0 12.0 11.8 0.2 87 19.8 8.9E-08 19.8 1.005 8.9E-08
4/20 4 92.0 86.0 12.0 11.8 0.2 91 19.8 8.5E-08 19.8 1.005 8.5E-08

124.8
18.7
109.9

98

Pressure, psi

13.6
109.9

71

*B value did not increase with increase in pressure.
Final degree of saturation >95%.

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Volume

Initial

19.3
663.5
130.4

Target Compaction: 95% of the maximum dry density (116.3 pcf) at the optimum moisture content (13.6%). 
Values specified by client. Material >3/8-inch screened out of sample prior to testing (2%). Trimmings 
moisture content = 13.7%

Final
3.01
2.86
6.42

4/18/2017
4/21/2017

PERMEABILITY AT 20o C:   9.1 x 10-8  cm/sec   (@ 6 psi effective stress)

Parameter
3.01
2.86
6.42
19.3

Manometer Readings

635.0



Client: Anchor QEA, LLC
Project Name: Cristal
Project Location: MD
GTX #: 306179
Start Date: Tested By: jcw
End Date: Checked By: emm
Boring #: ---
Sample #: TP05
Depth: ---
Visual Description: Moist, mottled red and light gray sandy clay

Sample Type: Remolded Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 6/7

Sample Preparation:

Assumed Specific Gravity: 2.65

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.02 Increased Cell Pressure, psi: 94.99 Cell Pressure Increment, psi: 4.97
Sample Pressure, psi: 84.02 Corresponding Sample Pressure, psi: 88.72 Sample Pressure Increment, psi: 4.70

B Coefficient: 0.95

FLOW DATA

Trial
Elapsed 
Time,

Permeability
K, Temp,

Permeability 
K @ 20 oC,

Date # Cell Sample Z1 Z2 Z1-Z2 sec Gradient cm/sec oC Rt cm/sec

4/20 1 90.0 84.0 5.5 5.1 0.4 34 9.1 1.0E-06 19.8 1.005 1.0E-06
4/20 2 90.0 84.0 5.5 5.1 0.4 37 9.1 9.4E-07 19.8 1.005 9.4E-07
4/20 3 90.0 84.0 5.5 5.1 0.4 38 9.1 9.2E-07 19.8 1.005 9.2E-07
4/20 4 90.0 84.0 5.5 5.1 0.4 40 9.1 8.7E-07 19.8 1.005 8.7E-07

4/19/2017
4/21/2017

PERMEABILITY AT 20o C:   9.4 x 10-7  cm/sec   (@ 6 psi effective stress)

Parameter
3.01
2.86
6.42
19.3

Manometer Readings

625.1

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Volume

Initial

19.3
651.7
128.1

Target Compaction: 95% of the maximum dry density (111.7 pcf) at the optimum moisture content (16.4%).  
Values specified by client.  Material > 3/8-inch screened out of sample prior to testing (0%).  Trimmings 
moisture content = 16.6%

Final
3.01
2.86
6.42

122.9
21.4
105.5
100

Pressure, psi

16.4
105.5

77



Client: Anchor QEA, LLC
Project Name: Cristal
Project Location: MD
GTX #: 306179
Start Date: Tested By: jcw
End Date: Checked By: emm
Boring #: ---
Sample #: TP06
Depth: ---
Visual Description:

Sample Type: Remolded Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 4/4

Sample Preparation:

Assumed Specific Gravity: 2.65

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.04 Increased Cell Pressure, psi: 95.03 Cell Pressure Increment, psi: 4.99
Sample Pressure, psi: 83.99 Corresponding Sample Pressure, psi: 88.84 Sample Pressure Increment, psi: 4.85

B Coefficient: 0.97

FLOW DATA

Trial
Elapsed 
Time,

Permeability
K, Temp,

Permeability 
K @ 20 oC,

Date # Cell Sample Z1 Z2 Z1-Z2 sec Gradient cm/sec oC Rt cm/sec

4/20 1 90.0 84.0 5.5 5.0 0.5 34 9.1 1.3E-06 19.8 1.005 1.3E-06
4/20 2 90.0 84.0 5.5 5.0 0.5 36 9.1 1.2E-06 19.8 1.005 1.2E-06
4/20 3 90.0 84.0 5.5 5.0 0.5 37 9.1 1.2E-06 19.8 1.005 1.2E-06
4/20 4 90.0 84.0 5.5 5.0 0.5 38 9.1 1.2E-06 19.8 1.005 1.2E-06

4/19/2017
4/21/2017

PERMEABILITY AT 20o C:   1.2 x 10-6  cm/sec   (@ 6 psi effective stress)

Parameter
3.01
2.86
6.42
19.3

Manometer Readings

616.9

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Volume

Initial

19.3
651.6
128.1

Target Compaction: 95% of the maximum dry density (112.2 pcf) at the optimum moisture content (14.0%).  
Values specified by client.  Material > 3/8-inch screened out of sample prior to testing (0%).  Trimmings 
moisture content = 15.3%

Final
3.01
2.86
6.42

Moist, mottled light gray and light reddish brown clay with 
sand 

121.3
21.0
105.9

99

Pressure, psi

14.5
105.9

69



Client: Anchor QEA, LLC
Project Name: Cristal
Project Location: MD
GTX #: 306179
Start Date: Tested By: jcw
End Date: Checked By: emm
Boring #: ---
Sample #: TP08
Depth: ---
Visual Description: Moist, mottled red and light gray sandy clay

Sample Type: Remolded Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 9/5

Sample Preparation:

Assumed Specific Gravity: 2.65

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 92.01 Increased Cell Pressure, psi: 96.95 Cell Pressure Increment, psi: 4.94
Sample Pressure, psi: 85.97 Corresponding Sample Pressure, psi: 90.60 Sample Pressure Increment, psi: 4.63

B Coefficient: 0.94

FLOW DATA

Trial
Elapsed 
Time,

Permeability
K, Temp,

Permeability 
K @ 20 oC,

Date # Cell Sample Z1 Z2 Z1-Z2 sec Gradient cm/sec oC Rt cm/sec

4/20 1 92.0 86.0 11.5 11.1 0.4 40 19.0 4.1E-07 19.8 1.005 4.1E-07
4/20 2 92.0 86.0 11.5 11.1 0.4 41 19.0 4.0E-07 19.8 1.005 4.0E-07
4/20 3 92.0 86.0 11.5 11.1 0.4 42 19.0 3.9E-07 19.8 1.005 3.9E-07
4/20 4 92.0 86.0 11.5 11.1 0.4 42 19.0 3.9E-07 19.8 1.005 3.9E-07

4/19/2017
4/21/2017

PERMEABILITY AT 20o C:   4.0 x 10-7  cm/sec   (@ 6 psi effective stress)

Parameter
3.00
2.86
6.42
19.3

Manometer Readings

652.1

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Volume

Initial

19.3
675.5
133.2

Target Compaction: 95% of the maximum dry density (120.9 pcf) at the optimum moisture content (12.2%).  
Values specified by client.  Material > 3/8-inch screened out of sample prior to testing (0%).  Trimmings 
moisture content = 12.3%

Final
3.00
2.86
6.42

128.6
16.1
114.7

97

Pressure, psi

12.1
114.7

73

*B value did not increase with increase in pressure.
Final degree of saturation >95%.































 

 

 
 

 
 
 
 

 
A pore pressure parameter for Δσ1 – Δσ3 
B pore pressure parameter for Δσ3 
CAI CERCHAR Abrasiveness Index 
CIU isotropically consolidated undrained triaxial shear test 
CR compression ratio for one dimensional consolidation 
CSR cyclic stress ratio 
Cc coefficient of curvature, (D30)2 / (D10 x D60) 
Cu coefficient of uniformity, D60/D10 
Cc compression index for one dimensional consolidation 
Cα coefficient of secondary compression 
cv coefficient of consolidation 
c cohesion intercept for total stresses 
c’ cohesion intercept for effective stresses 
D diameter of specimen 
D damping ratio 
D10 diameter at which 10% of soil is finer 
D15 diameter at which 15% of soil is finer 
D30 diameter at which 30% of soil is finer 
D50 diameter at which 50% of soil is finer 
D60 diameter at which 60% of soil is finer 
D85 diameter at which 85% of soil is finer 
d50 displacement for 50% consolidation 
d90 displacement for 90% consolidation 
d100 displacement for 100% consolidation 
E Young’s modulus 
e void ratio 
ec void ratio after consolidation 
eo initial void ratio 
G shear modulus 
Gs specific gravity of soil particles 
H height of specimen 
HR Rebound Hardness number 
i gradient 
IS Uncorrected point load strength 
IS(50) Size corrected point load strength index 
HA Modified Taber Abrasion 
HT Total hardness 
Ko lateral stress ratio for one dimensional strain 
k permeability 
LI Liquidity Index 
mv coefficient of volume change 
n porosity 
PI plasticity index 
Pc preconsolidation pressure 
p (σ1 + σ3) / 2 , (σv + σh) / 2 
p’ (σ’1 + σ’3) / 2 , (σ’v + σ’h) / 2 
p’c p’ at consolidation 
Q quantity of flow 
q (σ1 - σ3) / 2 
qf q at failure 
qo, qi initial q 
qc q at consolidation 

S degree of saturation 
SL shrinkage limit 
su undrained shear strength 
T time factor for consolidation 
 
 
 
Sr Post cyclic undrained shear strength 
T temperature 
t time 
U, UC unconfined compression test 
UU, Q unconsolidated undrained triaxial test 
ua pore gas pressure 
ue excess pore water pressure 
u, uw pore water pressure 
V total volume 
Vg volume of gas 
Vs volume of solids 
Vs shear wave velocity 
Vv volume of voids 
Vw volume of water 
Vo initial volume 
v velocity 
W total weight 
Ws weight of solids 
Ww weight of water 
w water content 
wc water content at consolidation 
wf final water content 
wl liquid limit 
wn natural water content 
wp plastic limit 
ws shrinkage limit 
wo, wi initial water content 
α slope of qf versus pf 
α’ slope of qf versus pf’ 
γt total unit weight 
γd dry unit weight 
γs unit weight of solids 
γw unit weight of water 
ε strain 
εvol volume strain 
εh, εv horizontal strain, vertical strain 
μ Poisson’s ratio, also viscosity 
σ normal stress 
σ’ effective normal stress 
σc, σ’c consolidation stress in isotropic stress system 
σh, σ’h horizontal normal stress 
σv, σ’v vertical normal stress 
σ’vc Effective vertical consolidation stress 
σ1 major principal stress 
σ2 intermediate principal stress 
σ3 minor principal stress 
τ shear stress 
φ friction angle based on total stresses 
φ’ friction angle based on effective stresses 
φ’r residual friction angle 
φult φ for ultimate strength 

WARRANTY and LIABILITY 
 

GeoTesting Express (GTX) warrants that all tests it performs are run in general accordance with the specified test procedures and accepted industry practice.  GTX will 
correct or repeat any test that does not comply with this warranty.  GTX has no specific knowledge as to conditioning, origin, sampling procedure or intended use of the 
material. 
 
GTX may report engineering parameters that require us to interpret the test data.  Such parameters are determined using accepted engineering procedures.  However, GTX 
does not warrant that these parameters accurately reflect the true engineering properties of the in situ material.   Responsibility for interpretation and use of the test data and 
these parameters for engineering and/or construction purposes rests solely with the user and not with GTX or any of its employees. 
 
GTX’s liability will be limited to correcting or repeating a test which fails our warranty.  GTX’s liability for damages to the Purchaser of testing services for any cause 
whatsoever shall be limited to the amount GTX received for the testing services.  GTX will not be liable for any damages, or for any lost benefits or other consequential 
damages resulting from the use of these test results, even if GTX has been advised of the possibility of such damages.  GTX will not be responsible for any liability of the 
Purchaser to any third party. 
 

Commonly Used Symbols 
 



 

 

 

 

 

Appendix B  
Chemical Laboratory Report 

rschwarz
Text Box
The chemical laboratory report is a very large file that is available separately.



1 O'BRIEN & GERE Report of Bor i ng No.: G 1 
ENG INEERS, INC. TEST BORING LOG Sheet 1 of 1 

::t Location: Sal ti more, MD SAMPLER Ground ~ater Depth Date 
Type: Split Spoon, 211 O.D. Depth Date 

1 Cl 1ent: SCM Chemicals HaITTT1er: 140 lbs. Fall:30 inches File No.: 

oring Co.: Hardin·Huber 1 Boring Location: 

1

,oreman: Jeff Stoufer Ground Elevation: 
OBG Geologist: Mike ~hittner Dates: Started:10/06/88 Ended:10/7/88 

Sample Stratun Field Testing R 
Sample Change Equipnent m 

luepth Blows Penetr/ 11N11 Description General Insta l l ed Sp k 
No Depth /6" Recovry Value Descript pH Cond HNU s* 

o 1 0-2 4/16/18/8 24/20 Dry Orange, tan silt 
o 

1 
1 5 2 5-7 4/8/10/12 24/16 Dry whitish grey clay o 

1 
10 3 10-12 1/3/8/8 24/12 12-10: Dry whitish grey clay o 

10-0: Dry whitish·tan mediun sand 

1 
15 4 15-17 2/2/1/8 24/0 No recovery·no trap in spoon o 

! 

1 

1 
20 5 20-22 2/3/6/8 24/24 Dry grey clay with red speckles o 

1 

25 6 25-27 9/12/12/2 24/14 Dry grey clay with red speckles o 

! 
7 30-32 8/18/26/3) 24/24 Dry red, grey and IRIStard clay o 

1 

1 35 8 35-37 5/10/13/2 24/24 24-10: Sarne as abcve o 
10-0: Damp whitish grey sandy clay 

1 
40 9 40-42 6/7/13/12 24/24 Dry red,grey, and IRIStard clay o 

1 
45 10 45-4 7 3/8/13/18 24/24 Dry grey·purple with some !RJStard colored o 

1 clay 

50 11 50-52 8/14/23/3 l 24/24 Dry grey-purpl e clay o 
1 

1 

55 12 55-57 11/18/33/ 1 24/24 Dry grey·purple clay o 

1 

60 13 60-62 4/14/22/2) 24/24 Dry grey·rust red clay o 

1 

1 

1 

' 
-

Page A-43 



1 O'BRIEN & GERE Report of Boring No.: G 2 
:NG I NEERS, INC. TEST BOR ING LOG Sheet 1 of 1 

'Ct Location: Baltimore, MD SAMPLER Grounel ~ater Depth Date 
Type: Split Spoon, 311 O.O. Depth Date 

1 r li ent: SCH Chemicals Hanmer: 140 lbs. Fal l :30 inches File No.: 

Jring Co.: Hardin-Huber 1 Boring Location: 
lroreman: Don willey Grounel Elevation: 
OBG Geologist: Mike ~hittner Dates: Started:10/10/88 Eneled: 10/10/88 

Sample Stratun Field Test i ng R 
Sample Change Equipnent m 

luepth Blows Penetr/ "N" Description General Instal led Sp k 
No Depth /6" Recovry Value Descript pH Conel HNU s* 

o 1 0-2 3/12/18/21 24/24 Dry grey clay with red anel yel low o 
concretions 

1 

1 5 2 5-7 2/5/10/15 24/16 16-8: Dry reddish tan silty clay o 
8-0: Dry grey sanely silt 

1 

1 10 3 10-12 3/5/7/10 24/12 Dry grey clay with red anel some yellow o 

1 
15 4 15-17 3/5/7/14 24/24 Dry grey clay with some ye l l ow anel red o 

i 
20 5 20-22 3/5/7/14 24/24 Dry red clay with some grey o 

1 

25 6 25-27 3/16/27/31 24/24 Ory pinkish grey clay with red concretions o 

1 

7 30-32 4/13/27/2 24/24 Dry pinkish grey to yellow clay o 

1 
1 35 8 35-37 4/9/30/56 24/24 Hoist pinkish grey clay o 

1 
40 9 40-42 9-29-71-11 0/5 11 23/23 Dry grey clay with some pink o 

1 
45 10 45-47 5-30-56-11 1/5 11 2 /23 Dry grey clay with some pink o 

1 

-

-

1 

1 
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1 O'BRIEN & GERE Report of Boring No.: G 3 
ENG!NEERS, !NC. TEST BOR!NG LOG Sheet 1 of 1 

,ct Location: Baltimore, MD SAMPLER Ground Water Depth Date 
Type: Spl it Spoon, 311 O.O. Depth Date 

1 ..... 1 ent: SCM Chemicals Harrrner: 140 lbs. Fall:30 inches File No.: 

oring Co.: Hardin-Huber 1 Boring Location: 
. oreman: Don willey Ground Elevation: 

loBG Geologist: Mike Whittner Dates: Started:10/11/88 Ended: 10/11/88 

Saf1'4)le Stratun Field Testing R 
Saf1'4)le Change Equipnent m I vepth Blows Penetr/ IINII Description General lnstal led Sp k 

No Depth /6" Recovry Value Descript pH Cond HNU s* 

o 1 0-2 7/32/15/1 24/24 D ry brown si l t o 

1 

1 5 2 5-7 6/7/8 18/18 Dry tan sand o 

1 
10 3 10-12 7/9/11/15 24/24 Daf1'4) tan silty fine sand o 

1 
15 4 15-17 3/5/8 18/18 Dry red silty clay with some grey o 

1 

20 5 20-22 3/10/17/2 24/18 Dry red clay with some grey clay o 
1 

1 

25 6 25-27 Shelby Dry red clay with some grey o 

1 

7 30-32 4/7/11/15 24/18 Dry red and grey clay o 

i 
1 35 8 35-37 4/7 /27 /36 24/18 Dry red and grey clay with yellow o 

concretions 

o 
[ 40 9 40-42 4/14/29/41 24/20 sarne as above 

o 

1 
45 10 45-47 12/23/30/• 5 24/24 sarne as above but daf1'4) o 

1 

o 
50 11 50-52 22/35/54/c 3 24/24 Sarne as above, top of spoon daf1'4), bottom 

1 of spoon dry 
1 

1 
1 

1 

1 

1 

1 
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O'BRIEN & GERE 
ENGlNEERS, INC. 

;ect Location: Baltimore, KJ 

,t: SCI'. Chemicals 

),ing Co.: Hardin·Huber 
)reman: Donwille1' 

TEST ~ I NG LOG 

smPLER 
Type: Spl it Spoon, 3" O.O. 
Harrrrer: 140 lbs. Fall:30 inches 

GrOU"ld Elevation: 

Report of Boring ho.: G 16 
Sheet 1 of 1 

GrOUíd Yater Depth 
Depth 

File No.: 

Date 
Date 

1 
vo~ Geologist: John D. Conway 1 

Boring Location: 

Dates: Started:10/26/88 Ended: 10/2t '~ 
1 

epth 
No Depth 

Sa,rple 

Blows Penetr/ "N" 
/6" Recovry Value 

Sarrple 
Description 

StratUTI 
Change 
General 
Descript 

Equi~nt 
lnstal led 

1 o 0·2 2/7 /23 18/14 Dry reddish tan rnediUTI sand with 10 cm 
of topsoi l 

i 
' 

1 
'. 

1 

1 

! 

! 

1 
1 

1 

1 

1 

5 2 5·7 16/33/38/ 6 24/20 

10 3 10·12 24/29/38/ 3 24/20 

15 4 15·17 3/27/23/7 24/25 

--+--+---+-----+-----+----; 

Yet reddish to terviish to yettowish mediUTI 
to coarse sand with 6 cm of whitish 
grey clay at bottom of spoon 

Yet whitish grey cleyey quartz sand 
1 cm of irOl'l cemented sands at top of 
spooo 

Dry, maroon end grey mottled hard clay 
with some 1 cm grey sendy ctay lens 

·te: The MEMJ TO THE FILES dated 12/13/88, included on the preceding page, is an integral part of this boring log; 
this boring log should not be read without first reading the memo. 
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1 OºBRIEN & GERE Report of Boring No.: G 18 
'NGI NEERS, INC. TEST BORING LOG Sheet 1 of 1 

!Ct Location: Sal ti more, MD SAMPLER Ground \Jater Depth Date 

lctient: 
Type: Spl it Spoon, 300 O.O. Depth Date 

SCM Chemicals Harrmer: 140 l bs. Fal l :30 inches File No.: 

iring Co.: Hardin-Huber 1 Boring Location: 
l,0reman: Don willey Ground Elevation: 
OBG Geologist: John D. Conway Dates: Started:10/28/88 Ended: 10/28/88 

Sample Stratun Field Test i ng R 
Sample Change Equipnent m 

luepth Blows Penetr/ 11N11 Description General lnstalled Sp k 
No Depth /6" Recovry Value Descript pH Cond HNU s* 

o 1 0-2 1/2/3/3 24/14 Dry light brown to tan silty fine sand o 

1 
1 5 2 5-7 6/15/17/2 24/22 14· 3: dry light tan almost white clean 0.2 

mediun sand 
3·0: slightly darrç light orange·tan 

1 clayey mediun sand 
1 10 3 10·12 8/9/11/11 24/22 \Jet orangey brown clayey mediun sand o 

1 
15 4 15-17 9/18/20/2 24/14 Dry, red and grey clay o 

1 

1 

1 

1 
1 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 
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TEST BORING LOG 
/Job Number 

C1636-02 
Client/Project SCI\I Chemicals, Inc. Sheet No. Boring No. 

Project Location 

Baltimore, Maryland 
SAMPLE LEGEND: 

NR = Sample Not Recovered 

SS = Standard Penetration 
Split Spoon Sample 

ST = Pushed Shelby Tube 

B = Disturbed Bag Sample 

LL = Liquid Limit 

PI = Plasticity Index 

AC = Auger Cutting 

HPP Landfill 

Start Finish 

Time: 4:30pm 
Date: 3-5-91 

Time: 7:20am 
Date: 3-8-91 

Driller /Subcontractor 

Clem Walker/ 
Hillis-Carnes 

Water Levei Observations 
Date Time 

3-5-91 4:35pm 
3-9-91 12:00pm 

Boring 
Depth(ft) 

4.0 
81.5 

Casing 
Depth(ft) 

N/A 
N/A 

1 of 3 G-22 
Logged 

Harvey Beaulieu 
Drill Make & Model Total Depth 

Mobile B-57 (ft) 

Truck 81.5 
Caved 

Depth(ft) 

N/A 
24.1 

Water· 
Depth(ft) 

3.0* 
24.0 

LAB TESTS 
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w ll'. cr 
...J ll'. 
a. w 
!: ll'. 
<I o 
(J)ü 

;,.: 

2.0 2-2-4 
-5 

1-wo ,-.. 
::lO W X 
...JIL ll'....., 
(['\. :) 1-

:::>~ ti; fü LL PI 
: 0 H 1-
Z...J O Z 

Ol !: o 
ü 

6 

2.0 5-7-8 15 
-9 

O. 7 3-3-5 8 
-6 

1.3 4-7-8 15 
-12 

ss 2.0 1.3 4-4-6 10 
5 -11 

ss 2.0 2.0 4-8-11 19 
6 -16 

ss 1.9 1.8 8-16- 46 
7 $0-51/E 

ss 1.5 1.5 25-34- 51/€ 
8 51/6 

ss 2.0 2.0 14-18- 54 
9 36-36 

ss 2.0 2.0 16-16- 34 
10 18-28 

ss 2.0 2.0 5-5-15 20 
11 -22 

ss 
12 

ss 
13 

ss 
14 

ss 
15 

2.0 

2.0 

2.0 

2.0 

2.0 10-7- 18 
11-16 

2.0 5-7-22 29 
-32 

2.0 5-12- 40 
28-32 

2.0 10-16- 40 
24-38 

:::> 
w 
...J 
w 

48.0 
48_ 

43 

26 

,-.. 

4-1 
li-.._, 
I 
l
a. 
w 
o 

(J) 

ü ~ 
H 
I 
n. 
([ 

~ ~ 

1 

I 
l-
a. 
w 
º"' 
<I t'. DESCRIPTION ANO CLASSIFICATION 
1- .._, 
<I 
ll'. 
1-
(J) 

_JJ.Ji, Loose bro_wn f-m SAND, some clayey silt, tr. , 
1 roots, mo1st 
e _______ ~~N.PLclazey ~il!/_b.~L_UY!Al,,1 

Loose light tan f-m SAND, tr. silt, moist 
-- dense, tan, wet 

IJ}l fi n SAND / ALLUVIAL 
5-~·~~~-~~==-=-c..=ee=........i f/'//, Medium stiff tan-gray, red-brown irilty 

CLAY mottled, moist 
-- stiff light gray, red-brown, moist to 
slightly moist 

20-

V 
V 

~ 
-~ 

-- stiff gray with red-brown speckles, moist 
to slightly moist 

- - very stiff, red-brown, gray, olive-brown, 
moist to slightly moist , 

-- as above 

- - hard, as above, tr. f sand 

-- as above 

Hard red-brown olive, yellow-gray silty 
CLAY, tr. f sand, (occ. f sand partings), 
mottled, moist 

Very stiff olive, gray, red-brown irilty CLAY, 
some f sand, (occ. f sand and clayey silt 
pockets/seams), moist 

2? n siltv CLA Y /sand/ ALLUVIAL 
Dense tan-gray, orange-brown, clive f-m 
SAND AND CLAY & SILT, (frequent f-m 
SAND, little silt seams/layers, and occ. silty 
clay seams), moist 
-- light gray) gray-tan, (frequent f-m SAND, 
tr. silt layers , moist to very moist 25-/1:J· 

22 V. 26.0 SAND/CLAY & SILT/ALLUVIAL 
.,,,. n Hard gray, red-brown silty CLAY, some f 

21 

1 
--'<..l..lJ.r\ sand, m01st ,{ 

1 \ si! ty CLA Y / sand / ALL UVIAL 
Hard light gray, gray-brown CLAYJ i:noist 
-- olive, gray, red-brownhbrown CLAY to 
Silty CLAY, moist to slig tly moist 

OOSTERBAAN ASSOCIATES, P.C. 
Geotechnic and Einironmental Consultants 
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...J 
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REMARKS 

* perched water 
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TEST BORING LOG 
Job Number Client/Project SCM Chemicals, Inc. Sheet No. Boring No. 
C1636-02 HPP Landfill 2 of 3 G-22 
Project Location Logged 

Baltimore Mar land Harvey Beaulieu 
'"' .µ .µ >- LAB TESTS +1 li- li- (J) o:: I ...., 3W 1- 1-. o :::> wo ,... .µ .µ (J) o.. w :::> CJ ü _J o :)0 wx li- li- ü w 

_J w oz Wü 1D ü o _J[L o:: ...., ...., H o,... _J o.. o.. <I w o:: w w ~cr <I :) 1- . I .µ 
DESCRIPTION ANO CLASSIFICATION _J REMARKS E >- o:: :::>(J) 1- z I o.. <I li- w 

<I 1-
_J w _J o:: 3 (J)W LL PI :::> 1- <I f- V 3 . w (J) o.. w _J w o..w : o H 1- _J o.. o:: <I o.. o:: E O:: z_i oz w CJ o:: EO:: EO <I o 1D EO w o 1-<I o 

(J)ü <I ü (J)ü ü (J) 
(J) X 

ss 1.5 1.7 11-19- 43 Hard red-brown, gray, olive silty CLAY, Permeability Test run 
16 24 23 60 37 mottled, tr. f-c iron-cemented concretions up at 30' 

to 1/8", moist 

ss 2.0 2.0 13-20- 50 -- gray, red-gray, concretions up to 1/4" 
17 30-45 

ss 2.0 2.0 8-17- 47 
18 30-45 35 

ss 2.0 2.0 11-19- 49 
19 30-42 

ss 2.0 2.0 11-23- 56 -- tr. f sandy iron concretion pockets up to 
20 33-51 1/4" 

40 -- red-brown, gray, tr. f iron-cemented Permeability Test run ss 1.5 1.5 20-35- 78 
21 43 concretions up to 1/8", moist to slightly moist at 40' 

ss 2.0 1.5 12-26- 58 -- and brown 
22 32-51 

ss 1.5 1.0 18-40- 91 
23 51 45 

ss 2.0 1.7 10-21- 53 
24 32-50 

ss 1.5 1.2 16-34- 85 Hard gray/ brown, red-brown silty CLAY 
25 51 mottled, s ightly moist 

ss 1.5 1.5 14-30- 81 50 -- gray, red-brown, moist 
26 51 

ss 1.6 1.5 20-35- 86 
27 51 

ss 1.4 1.5 18-34- 1/5 -- and olive 
28 51/5 55 

ss 1.5 1.5 22-36- 87 -- gray, red-brown, moist to slightly moist 
29 51 

ss 1.5 1.5 12-22- 73 -- and brown, mottled/speckled, dry to 
30 51 slightly moist 

ss 1.5 1.5 12-22- 73 60 - - , ( occ. 11iht gray clayey silt, little f sand 
31 51 pocli;ets), r 

ss 1.5 1.5 18-32- 83 
32 51 

ss 1.5 1.5 10-31- 82 -- and yellow 
33 51 65 

ss 1.4 1.4 17-34- 1/5 -- speckled/mottled, tr. f iron-cemented 
34 51/5 concretions up to 1/8", dry 

~ 
OOSTERBAAN ASSOCIATES, P.C. 

BORING NO. 
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TEST BORING LOG 
/Job Number Client/Project SCM Chemicals, Inc. Sheet No. 1 Boring No:-'\ 

Cl636-02 HPP Landfill 3 of 3 G-22 
Project Location Logged 

Baltimore. Marvland Haney Beaulieu 
,-.. ,-.. 
.µ .µ )- LAS TESTS 

+1 ,._ ,._ (f) o:: J: 
V V 3W 1- ,-.. 

,.., 1-.. O:> wo ,-.. .µ .µ (f) a. 
w ::> CJ ü • .J o ::ia wx "- .... ü u w 
.J w oz Wü 

CD hl O i~ Q:'.v 
V 

V H o,.., .J a. a. <I w o::w ::::l 1- J: .µ OESCRIPTIDN ANO CLASSIFICATION .J REMARKS :E )- o:: w o:: cr ::>oo 1- z . J: o.. <I ,._ w 
<I 1-

.J w .J o:: 3 OOW LL PI ::> 1- <I 1- V 3 
(f) a. w .J w a. w : o H 1- w o.. o:: <I .J 

:E o:: a. o:: :E o:: Z.J oz w w CJ o:: 
<I o :E o <I o CD :E o o 1-
(f)ü <I ü (f)ü ü (f) 

(f) X 

~ 

1 
-- and red-gray, dry to slightly moist ss 1.4 1.4 20-35- 61/5 

35 51/5 

ss 1.4 1.4 14-35- 51/5 70-

1 
-- aa above 

36 51/5 

ss 1.3 1.3 20-42- pl/4 ) -- and olive, dry 
37 51/4 

ss 1.5 1.5 17-32- 83 

1 
-- red-brown, gray, red-gray, dry 

38 51 75-

ss 1.3 1.0 16-38- )51/4 ) - - as above 
39 51/4 

ss 1.5 1.5 20-30- 81 

J 
-- as above 

40 51 

ss 1.5 1.5 18-26- 77 80-

~1 -- aa above 
41 51 

silty CLA Y / ALLUVIAL -~4 81!í 

Boring Terminated at 81.5' 
NOTES: 
1. Boring drilled at proposed location 

~ 
OOSTERBAAN ASSOCIATES, P.C. BORING NO. 

G-22 
- . Geotechnic and Environmental Consultants 
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TEST BORING LOG 
/Job Number 

C1636-02 
Client/Project SCM Chemicals, Inc. Sheet No. Boring No. 

Project Location 

Baltimore. Marvland 
S.AM:PLE LEGEND: 

NR = Sample Not Recovered 

SS = Standard Penetration 
Split Spoon Sample 

ST = Pushed Shelby Tube 

B = Disturbed Bag Sample 

LL = Liquid Limit 

PI = Plasticity Index 

AC = Auger Cutting 

HPP Landfill 

Start 

Time: 2:57pm 
Date: 2-23-91 

Finish 

Time: 
Date: 

Water Levei Observations 
Date Time 

2-25-91 12:44pm 

>-
(J) (l:'. 

LAS TESTS +I 
I 
1-
Cl. 
w 

3W 
O:> 
...JO 

1-
wo " ::,o wx 
...JlL a:: '-J 

(J) 
ü iU 
H;; o " 

2:27pm 
2-27-91 

Driller /Subcontractor 

Clem Walker/ 
Hillis-Carnes 

Boring 
Depth(ft) 

Casing 
Depth(ft) 

40.0 N/A 

1 of 3 G-3D 
Logged 

Harvey Beaulieu 
Drill Make & Mode Total Depth 

Mobile B-57 (ft) 

Truck 91.4 
Caved 

Depth(ft) 

N/A 

Water 
Depth(ft) 

37.7* 

:::> Cl 
oz 
<I w 

ü 
Wü 
a::w 

I 
.µ 

DESCRIPTION ANO CLASSIFICATION REMARKS 

w 
...JW 
Cl. Cl. 
I: >
<I 1-
(J) 

...J 
a:: 

w 
rnfrlo 
w a:: cr 
...J a:: 

<I'-s :::, 1-
:::>(J) 1- z 

3 (J)W 
: 0 H 1-
Z...J OZ 

[I) I:O 
ü 

LL PI :::> 1-
w Cl. 

~ ~ 
<I ' a:: ~ 

<I (i.. 
1- '-J 

<I 

...J 

...J 
w 
3 

ss 
1 

ss 
2 

ss 
3 

ss 
4 

ss 
5 

ss 
6 

ss 
7 

ss 
8 

ss 
9 

ss 
10 

ss 
11 

ss 
12 

Cl. w 
I:D:'. 
<I o 
(J)ü 

1.8 

2.0 

1.5 

1.7 

1.2 

2.0 

2.0 

2.0 

1.7 

2.0 

2.0 

2.0 

...J w 
Cl. a:: 
I:O 
<I ü 
(J) 

Cl.W 
I:a:: 
<IO 
(J)ü 

X 

1.8 2-4-6 10 
-7 

2.0 2-3-2 5 
-2 

1.5 4-5-8 13 
-8 

1.7 5-6-14 20 
-8 

1.2 4-7-9 16 
-15 

2.0 2-5-7 12 
-10 

2.0 9-11- 25 
14-18 

2.0 9-17- 36 
19-24 

1. 7 10-10- 27 
17-17 

2.0 10-14- 34 
20-20 

2.0 9-14- 34 
20-45 

2.0 8-14- 30 
16-21 

SS 2.0 NR 4-8-11 19 
13 -16 

ss 2.0 2.0 6-8-12 20 
14 -14 

ss 2.0 0.7 5-10- 24 
15 14-18 

...J w CJ a:: w o 

60.41 
1-

58_ 

56_ 

53_ 

50_ 

44 

(J) 

2 n 

Medium stiff tan-red-brown CLAY &: SILT, 
little f-m sand, tr. roots, moist 

CLA Y & SILT / ALLUVIAL_.,,... 
Loose brown, gray-brown f-m SAND AND 
clayey SILT, tr. f gravei, moist 

_ __,u , _______ ê~N_p L clarey §I.!, 1'./ ~!:,L_U_y!_A.!,, -
5- Medium dense tan f-m SAND, tr. silt, moist 

-- tr. to little clayey silt 

I\SANDSTONE layer from 7.4' - 7.5' 
7 ó Dense purple-brown iron-cemented / 

] 1 \ SAND / ALLUVIAL 
· · J Stiff red-brown silty CLAY layers (4") 

alternating with dense tan brown f-m SAND 
10-fa'7'n'hirt--1..,.,0....,.íl"-h some clayey silt layers (2"), tr. iron cementedl 

1 \sandstone fragments, moist 

15- ~ 

~ 
25-

1 \ silty CLA Y /SAND / ALLUVIAL 
Stiff light gray CLA Y & SILT, ( occ. silty clay 
seams), moist to slightly moist 
-- recÍ-brownÁgray, mottled, (one yellow-tan, 
gray silty CL Y, some f sand layer 12.0' -
12.3', moist) 

-- red-brown, gray, mottled 

-- hard, as above, silty CLAY, (occ. olive 
f-sand and silt partings) 

Hard red-brown, gray, yellow-brown silty 
CLA Y, mottled, moist to slightly moist 

No Recovery, three attempts 

-- very stiff, gray, red-brown, moist 

- ~ very stiff 

OOSTERBAJ.\N ASSOCIA TES, P .C. 
Geotechnic and Environmental Consultants 

* 2-25-91 water 
reading made before 
permeability test; 

levei was rising when 
reading was taken. 
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TEST BORING LOG 
Job Number Client/Project SCM Chemicals, Inc. Sheet No. Boring No. 

C1636-02 HPP Landfill 2 of 3 G-3D 
Logged Project Location 

Baltimore Mar land Harvey Beaulieu ,.., 
.µ >-
,._ (J) o:: LAS TESTS +I 

~tu ::>CJ 
o.o. oz 
:E>- <J:tu 
<J: 1- ...J 
(J) a. tu 

:E o:: 
<J: o 
(J)ü 

V 3 tu 
o::> 

ü • ...J o 
~ frl DJ frl o 

o:: tu o:: cr 
tu ...J o:: 
...Jtu O.tu 
o. a: :E o:: 
:E o <J: o 
<J:ü (J)ü 
(J) X 

1-
tuo ,.., 
::JO tu X 
...Jl!. (l'. V 

<J: ::i 1-
:)(J) 1- z 

3 (J) tu 
: 0 H 1-
Z...J O Z 

DJ :E o 
ü 

ss 2.0 
16 

0.5 4-8-14 22 
-16 

ss 2.0 2.0 10-17- 39 
17 22-31 

ss 2.0 2.0 8-15- 30 
18 15-22 

ss 2.0 2.0 10-16- 38 
19 22-40 

ss 2.0 2.0 13-18- 35 
20 17-23 

ss 2.0 1.5 5-10- 27 
21 17-21 

ss 2.0 2.0 6-16- 46 
22 30-40 

ss 2.0 2.0 13-21- 47 
23 26-31 

ss 2.0 2.0 10-24- 56 
24 32-50 

ss 2.0 2.0 14-24- 59 
25 35-25 

ss 1.5 1.5 8-23 63 
26 -40 

ss 1.9 1.9 10-20- 50 
27 0-51/ 

ss 1.5 1.5 8-26 77 
28 -51 

ss 2.0 2.0 10-16- 46 
29 30-50 

ss 1.9 1.9 13-26- 69 
30 3-51/ 

ss 1.6 1.5 12-20- 71 
31 51 

ss 1.5 1.5 13-20- 71 
32 51/6 

ss 2.0 2.0 8-19- 57 
33 38-51 

ss 1.9 1.8 
34 

66 

LL PI :) 
tu 
...J 
tu 

28 

23 

20 

I 
l
o. 
tu 
o 

35 

45 

50 

55 

60 

65 

DESCRIPTION ANO CLASSIFICATION 

- - very stiff 

+&7\,flll-,.,__,._."1 ___________ !!_il_ry _C.!,~ 'lj b-~L_UYLA_!,_ 

Very stiff gray, red-brown CLAY & SILT, 
(occ. SILT & CLAY ANO f SANO 
seams/layers, up to 2"), moist 

Very stiff red-brown, gray, yellow-brown 
CLAY & SILT, little f sand, moist 

CLA Y & SILT ALLUVIAL 
Very stiff gray clayey SILT, some f sand, 
(occ. silt & clay seams), moist 
-- little f sand, (frequent f SANO, little/some 
silt) layers) 

ela e SILT sand ALLUVIAL 
Very stiff red-brown, gray, yellow-brown 
CLAY, /occ. silt & clay seams, with clayey 
silt and 'r sand seams), moist 

Hard olive, red-brown, gray silty CLAY, tr. f 
sand partings, mottled, mo1st 

- - moist to slightly moist 

-- and red-gray, tr. f red-brown 
iron-cemented concretions, moist to slightly 
moist 

-- as above 

Hard red-brown, _gray, olive silty CLAY, tr. f 
iron concretions, 10cc. clay seams), moist 

-- and brown, moist to slightly moist 

-- as above, mottled, alightly moist 

-- as above, occ. iron stains/concretions, 
slightly moist 

Hard brown, gray, red-gray silty CLAY, 
mottled, slightly moist to dry 

OOSTERBAAN ASSOCIATES, P.C. 
Geotechnic and Emironmental Consultants 
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...J 
tu 
3 

REMARKS 

Permeability Test run 
at 40' 

Permeability Test run 
at 50' 
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TEST BORING LOG 
/Job Number Client/Project SCM Chemicals, Inc. Sheet No. 1 Boring No."\ 

C1636-02 HPP Landfill 3 of 3 G-3D 
Project Location Logged 

Baltimore. Maryland Harvey Beaulieu 
'"' '"' .jJ .jJ >- LAS TESTS +1 .... .... (fJ a:: I ..., ..., 3W 1-

'"' '"' 1-.. O:> wo '"' .jJ 
.jJ (J) a. 

w :::> (!J 
() . ...JO :)O wx .... "- () li w 

...JW oz w () ro hl o ~~ a::..., ..., '-' H o'"' ...J a. a. <I w a::w ::::i 1- I l:l .jJ DESCRIPTION ANO CLASSIFICATION ...J REMARKS I: >- a:: w a:: (3" ::)(J) 1- z . I a. 11: <I .... w 
<I 1-

...J w ...J a:: 3 (J)W LL PI :::> 1- <I I< 1- '-' 3 
(J) . ...JW a. w : o H 1- w a. ~ ~ <I a. w a. a:: I: a:: Z...J oz ...J w a:: I: a:: I: o <I o ro I: o w o 1-<I o 

(J) () <I () (fJ () () (fJ 
(J) X 

ss 1.5 1.5 13-34- 85 l --35 51/6 

ss 1.4 1.4 20-34- 51/5 
70-

J 36 51/5 
--

ss 1.5 1.5 13-30- 81 r Hard red-brown, gray mottled silty CLAY, tr. 
37 51 iron stains/concretions, slightly moist to dry 

ss 1.9 1. 7 13-28- 62 

ll 
--38 64-51/f 75-

ss 1.5 1.5 19-34- pl/E --
39 51/6 

ss 1.5 1.5 18-37- Pl/5 11 -- moist to slightly moist 
40 51/5 

ss 1.4 1.4 30-43- 61/5 
80-

41 51/5 ~I -- and yellow-tan, tr. f sand, moist 

-22 R1 íl silty CLA Y / ALLUVIAL ~ ss 1.4 1.4 29-43- 61/5 

~ 1 Hard clive, red-brown, gray silty CLA Y tr. f 
42 51/5 sand, ;frequent gray, olive-tan clayey SILT, 

1 1~ 
some -m sand layers), moist to very moist 

ss 1.4 1.4 19-44- 61/5 
-24 silty CLAY /silt/sand/ ALLUVIAL~ 

43 51/5 85- Hard dark gray, red-brown, clive silty CLAY, 
mottled, moist 

-26 RR n silty CLA Y / ALLUVIAL,--ss 1.4 1.4 ·1:12- 61/4 

~J Hard dark gray, gray CLAY & SILT tr. f * drill rods dropá'ed, 
44 1/4 black lignite fragmenta up to 1/2 inch, ( occ. 

spoon penetrate 12" 

silty clay seams with f sand partings), moist 
prior to SPT 

ss 1.4 1.4 32-44- ~1/5 ~ to slightly moist 
45 51/5 ~ -- àfrequent silt & clay layers), slightly moist 

to ry 

ol/4 90- ~ 
1 

Hard dark to medi um gray CLA Y & SILT ss 1.4 1.4 27-45-

~ 46 51/4 
-~1 QT 4 

(frequent clayey silt seams with occ. f sand 
partmgs), slightly moist to d;tJ 

\ CLAY & S LT/ALLUVIAL 
Borin~Terminated at 91.4' 
NOT : 
1. Boring offset 18' NE from existing G-3 

well. 

~ 
OOSTERBAAN ASSOCIATES, P.C. 
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TEST BORING LOG 
/Job Number Client/Project SCM Chemicals, Inc. Sheet No. Boring No~ 

G-16D C1636-02 
Project Location 

Baltimore. _r..taryland 
SAMPLE LEGEND: 

NR = Sample Not Recovered 

SS = Standard Penetration 
Split Spoon Sample 

ST = Pushed Shelby Tube 

B = Disturbed Bag Sample 

LL = Liquid Limit 

PI = Plasticity Index 

AC = Auger Cutting 

HPP Landfill 

Start 

Time: 9:00am 
Date: 2-28-91 

Finish 

Time: 
Date: 

Water Levei Observations 
Date Time 

2-28-91 9:18am 

10:11am 
3-5-91 

Driller /Subcontractor 

Clem Walker/ 
Hillis-Carnes 

Boring 
Depth(ft) 

Casing 
Depth(ft) 

6.0 N/A 

1 of 3 
Logged 

Harvey Beaulieu 
Drill Make & Model Total Depth 
Mobil B-57 (ft) 

Truck 71.3 
Caved 

Depth(ft) 

N/A 

Water 
Depth(ft) 

s.o• 

,-.. ,-.. >- LAS TESTS .j.) .j.) +1 (f) Cl:'. I \- \- 3W 1- 1-'-' ~ O:> wo ,-.. ,-.. (f) a. . . ü 
,-.. .µ .µ w ::> Cl Wü 

...JO ::)0 wx "- "- ü u w 
...JW oz [[] ºo ~~ Cl:'....., ...., ...., H º'""' ...J 
[l_ [l_ <l:W 

Cl:'.W 
w~cr ::) 1- I I !O .µ DESCRIPTION ANO CLASSIFICATION ...J REMARKS ,: >- Cl:'. ::)(f) 1- z O. :,: a:"- w a: 1- ...J w ...J Cl:'. 3 (f)W LL PI ::> 1- <l: K 1- ...., 3 (f) ...J w a. w : o H 1- w a. a: KI a: a.w [l_ Cl:'. ,: Cl:'. Z...J oz ...J w (!J Cl:'. ,: Cl:'. ,: o w o 

<l:O a: ü 
<l:O [[] ,: o 1-
(f)ü ü (f) (f)ü (f) X 40.8 

ss 2.0 1.5 4-7-12 19 .e Dense brown, tan-brown f-m SAND, little 
1 -16 clayey silt, tr. roots, moist 

:;: :\ * perched water 

ss 2.0 1.7 4-7-12 19 t; -- gray-tan, tan-brown, tr. clayey silt, moist 
2 -12 [,: .. to very moist 

, l'.i; ss 2.0 1.7 5-9-9 18 -- gray-tan, tr. silt, wet 
3 -14 ~~ 

35_ f\ o ______________ s~~D.J~~L.YYif..1 _ 
ss 2.0 2.0 7-10 24 V Dense ea\'"-tan m SAND, tr. silt,jfrequent 
4 -14-24 !;: gray C A & SILT,little f-m san 

V- seams/layers with tr. iron-cemented seams), !;: 
V- wet to very moist 

ss 2.0 1.7 2-10- 32 !;: - - ( tan-yellow silty CLA Y layers) 
5 22-32 V-

31_ !;: ()f\ SAND/clay & silt/ALLUVIAL 

ss 2.0 1.7 11-19- 46 10- ~ Hard red-brown, tan silty CLA Y, some f 
gravei, tr. f-c sand\ iron-stained, very moist 

6 27-35 -- CLAY & SILT, ittle f-c gravei, (occ. 

29_ Vi íl 
black-gray f gravei, some f-m sand seams 

, with occ. f-m sand seams/laGers), r 
ss 1.9 1.9 19-23- 63 ~ ~ 

\iron-stained, moist to slight y moist 
1 7 ~0-51/1 

~ t __ ..9~~ Y _ &_ ~~ T j g<!._v~l/_;i<!._nq/ .:'.'-!AU}'!_A.!,, 

~ Hard red-brown, tan CLAY & SILT, some f 

ss 1.5 1.5 23-27- 78 

~ 
sand, mottled, moist 

8 51 ~ -- and olive, AND f SAND, rnoist to slightly 
15- v rnoist 

vi' 
Vi, 

ss 1.0 1.0 30- 51/E ~ il Hard gray, red-brown SILT & CLAY AND f 
9 51-6 i, v SAND, mottled, slightly moist to dry 

f;:'.v 
i, 

). 

vv / 

ss 2.0 2.0 24-28- 68 V . 

1 
-- (occ. gray silty clay seams/layers) 

10 40-50 V 
; 

21 'v ?O íl .. _____ ÇLJ...Y ~-S!.LJ'LS.:'.'-t:l°:Q/j..~L_U}'!_AJ, __ 20 ss 2.0 2.0 9-19- 56 

1, 
Hard gray, red-brown silty CLA Y, rnottled, Permeability Test run 

11 37-50 slightly moist at 20' 

ss 1.5 1.6 20-30- 51/E -- and olive 
12 51/6 

~ ss 2.0 2.0 8-14- 33 -- (occ. silty clay, frequent f sand pockets), 
13 19-30 

25- ~ tr. 1ron-stains/cementation, rnoist 

ss 2.0 2.0 8-14- 36 ~ Hard red-brown, purple, gray, olive, silty 
14 22-30 i, CLAY, mottled, tr. friable 

iron-cemented/stained concretions, moist 

ss 2.0 2.0 5-10- 26 --
15 16-24 ~ 
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TEST BORING LOG 
Job Number Client/Project SCM Chemicals, Inc. Sheet No. Boring No. 
C1636-02 HPP Landfill 2 of 3 G-16D 

Logged Project Location 

Baltimore Mar land Harvey Beaulieu 
.jJ .... >-

(f) a:: LAB TESTS +f 

1-

w 
.J w 
o. o. 
E >
<! 1-
U) 

:> CJ oz 
<! w 

V . 
ü 
Wü 
a:: w 

3W 
o :> 
.J o 
COftlo 
w a:: (3' 
.J a:: 
o. w 

wo ,... 
=>O W X 
_JIJ.. [l'. V 

.J a:: 
w ~(f) ~~ 3 fJl w LL PI 

: 0 H 1-
. 

o. w 
E O:: 
<! o 
(/)Ü 

.J w 
o. a:: 
E O 
<! ü 
U) 

E O:: Z.J O Z 
<! o 
(f)ü 

r.o E O 

X 

ss 1.5 1.5 -15-2 36 
16 

ss 2.0 2.0 5-7-15 22 
17 -24 

ss 2.0 2.0 9-20- 60 
18 40-51 

ss 2.0 2.0 11-18- 48 
19 30-50 

ss 2.0 1.5 6-8-15 23 
20 -35 

ss 2.0 2.0 •23-35 58 
21 -51/5 

ss 2.0 2.0 9-18- 42 
22 24-40 

ss 2.0 2.0 8-20- 50 
23 30-51 

ss 1.5 1.5 12-30- 1/ 
24 51/6 

ss 1.9 1.9 10-28- 63 
25 5-51/ 

ss 1.5 1.5 15-20- 1/ 
26 51/6 

ss 1.9 1.9 10-22- 62 
27 0-51/ 

ss 1.5 1.5 12-33- 1/ 
28 51/6 

ss 1.5 1.5 15-30- 1/ 
29 51/6 

ss 1.5 1.5 14-20- 1/ 
30 51/6 

ss 1.9 1. 7 10-14- 42 
31 8-51/ 

ss 1.5 1.5 16-34- 1/ 
32 51/6 

ss 1.5 1.5 18-26- 1/ 
33 51/6 

ss 1.5 1.6 25-35- 1/ 
34 51/6 

ü 

.jJ .... 

:> 
w 
.J 
w 

7 

-1 

-6 

-12 

.jJ .... 

I 
l
o. 
w 
o 

35 

40 

45 

50 

55 

60 

65 

(f) 
ü 
H 
I 
o. 
<! 
a:: 
CJ 

I 
l-
o. 
w o,-.. 

.jJ 
<! r,... 
1- y 

<! 
a:: 
1-
(f) 

DESCRIPTION ANO CLASSIFICATION 

Hard gray-red, red-brown, clive CLAY &: 
SILT\ (occ. silty clay seams), tr. f sand, (little 
f sana below 31.5'), moist 

-- very stiff, and brown, silty CLAY, mottled 

-- very stiff, moist to slightly moist 

-- slightly moist to dry 

-'44fu411~-'..il1- ___________ ~il!_y _ C_L~ Y/ f..~L_U.Yl_A.!,, _ 
Hard brown, olive gray CLAY &: SILT, some 
f sand, occ. silty cÍay pockets, mottled moist 

-- AND f SAND 

CLAY & SILT SAND ALLUVIAL 
Very dense gray f SAND, little silt, occ. f 
sand and silt & clay pockets), moist to very 
moist 
-- tan-brown1 gray, little to tr. silt, (occ. silty 
clay partings1 seams), moist 

Very dense clive, gray, brown f-m SAND, 
little silt, (frequent f-m SAND, some clay & 
silt pockets), mottled, tr. f silica-cemented 
sandstone fragmentsl very moist to moist 

~.4:llll-"........,-h -- (occ. light gray si ty clay seams) 
SAND ela &: silt ALLUVIAL 

Hard gray, red-brown, clive silty CLAY, 
mottled, moist 
-- and tan-brown, slightly moist to dry 

-- purple-brown, gray, red-brown, slightly 
mo1st to dry 

-- tr. f sand, moist to slightly moist 

-- slightly moist 

-- red-brown, gray, slightly moist 

-- as above 

OOSTERBAAN ASSOCIATES, P.C. 
Geotechnic and Emironmental Consultants 
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Permeability Test run 
at 30.5' 

* drill rods dropped, 
spoon penetrated 6" 
prior to SPT 
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TEST BORING LOG 
/Job Number Client/Project SCM Chemicals, Inc. Sheet No. 1 Boring No."\ 

C1636-02 HPP Landfill 3 of 3 G-16D 
Project Location Logged 

Baltimore. Marvland Harvey Beaulieu 
,-.. ,-.. 
.µ .µ >- LAB TESTS +1 .... .... (1) a:: :e 
'-' ..., 3W 1- ,., ,., 1-. . . O:> WO ,., .µ .µ (1) a. 

w :::> e, ü • ...10 :ia wx ... ... ü '1 w 
...JW oz Wü (D ü o ...llL a::'-' V '-' H o,., ...1 a. a. <I w a::w 

w ~cr <I'\, :::l 1- . :e .µ 
DESCRIPTION ANO CLASSIFICATION ...1 REMARKS E >- ...1 a:: ::)(1) 1- z LL PI ::> :e a. <I ... w 

<I 1- . w ...1 a: 3 (l)W w 1- <I 1- "" 3 
(1) a. w ...JW a. w : o H 1- ...J a. a:: <I 

EO:: a. a: E a: Z...I oz w w e, o:: 
<I o EO <I o [IJ EO o 1-
(J)ü <I ü (J)ü ü (1) 

(J) X 

ss 1.3 1.4 12-46- 151/4 ~I -- red-brown, gray, brown, slightly moist 
35 51/4 

ss 1.3 1.3 30-50- 151/4 70-11 -- red-brown gray, purple, tr. friable 
36 51/4 -:l1 71 ~ 

iron-cemented concretions, moist to slightly 
moist 

\ siltv CLAY/ALLUVIAL 
Bori.f1ls Terminated at 71.3' 
NO : 
1. Boring offset 20' S from exiating G-16 

well. 

~~ 
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TEST BORING LOG 
/Job Number Client/Project SCM Chemicals, Inc. Sheet No. Boring No. 

C-1636-02 HPP Landfill 1 of 5 G-18D 
Project Location 

Baltimore. Maryland 
Logged 

Harvey Beaulieu 

. 
wo 
...JZ 
o.. '\ 
!: w 
<I a.. 
(f) >-

f-

ss 
1 

ss 
2 

ss 
3 

ss 
4 

ss 
5 

ss 
6 

ss 
7 

ss 
8 

ss 
9 

ss 
10 

ss 
11 

ss 
12 

ss 
13 

ss 
14 

ss 
15 

SAMPLE LEGEND: 

NR = Sample Not Recovered 

SS = Standard Penetration 
Split Spoon Sample 

ST = Pushed Shelby Tube 

B = Disturbed Bag Sample 

LL = Liquid Limit 

PI = Plasticity Index 

AC = Auger Cutting 

Start Finish 

Time: 10:00am 
Date: 2-20-91 

Time: 5:00pm 
Date: 3-7-91 

Driller /Subcontractor 

W. D. Stephens/ 
Hillis-Carnes 

Water Levei Observations 
Date Time 

2-20-91 10:17am 
3-27-91 11:26am 
4-11-91 10:09am. 

Boring 
Depth(ft) 

8.0 
161.0 
161.0 

Casing 
Depth(ft) 

N/A 
158.4 
158.4 

Drill Make & Model Total Depth 

Mobile B-61 (ft) 

Truck 161.0 
Caved 

Depth(ft) 

N/A 
N/A 
N/A 

Water 
Depth(ft) 

6.5* 
44.82 
45.62 

,... 
.µ 
"
~ 

>-
(f) 0:: LAB TESTS +I 

I 

::> (!J 
oz 
<I w 

.J 

a..w 
!: o:: 
<I o 
(f)ü 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

ü 
Wü 
o:: w 

o:: 
w 
...J w 
a.. o:: 
!: o 
<I ü 
(f) 

3W 
O:> 
...JO 
Dlftlo 
w o:: cr 
...J a:: 
a..w 
!: o: 
<IO 
(f)ü 

X 

1.3 2-3-4 
-7 

f-
wo ,.., 
::,o wx 
...JU. Q:'. V 

<I'\ ::, f-

::>~ l;j fij LL PI 
: 0 H f
Z...J OZ 

Dl !: o 
ü 

7 

.µ 
"-

::> 
w 
...J 
w 

47.5 

"' .µ 
.... 
V 

I 
f-
0.. 
w 
o 

f-
0.. 
w 
º"' .µ 
<I .... 
f- V 

<I 
o:: 
f-
(f) 

DESCRIPTION ANO CLASSIFICATION 

Loose light brown f-m SAND, tr. silt, tr. f-c 
iron-cemented concretions, moist 

...J 

...J 
w 
3 

REMARKS 

+- + 
· · • perched water 

1.3 8-8-11 19 
-16 

1.5 8-13- 27 
14-22 

1.7 6-10-7 17 
-10 

2.0 3-5-6 11 
-11 

2.0 4-4-4 
-5 

8 

2.0 8-6-8 14 
-6 

0.9 1-4-11 15 
-17 

1.5 8-19- 45 
26-32 

1.6 9-18- 41 
23-24 

1.6 10-13- 30 
17-19 

1.7 7-10- 22 
12-16 

1.7 7-10- 26 
16-19 

1.8 8-11- 23 
12-14 

1.8 5-7-12 19 
-14 

34 

Dense tan f-m SAND, tr. silt, slightly moist 

-- very dense tan-brown, very moist 

-- wet 

-- tan-orange-brown, wet 

-- medium dense tan-orange-red-brown, 
grades to c-f SAND, wet 

t t 

-1- t 

t 

+- +-

-1- t 

+- +-
t + 

t t 

+- +-

t t 

Medium dense brown m SAND
1 

tr. silt, wet, 
(dark gray-olive-brown sandy 1ron-cemented 

13
_ç concretion, little silt 13.8' - 13.9') 

t-"~t-,.,,.~~~~-,-~-=-~:--,c'.S~A~N~D~t'lLA==.L~LU:::....:..Y~IA~L~t t 
Medi um stiff gray CLAY &; SILT, some 
brown c-f sand layers, moist 

+- +-

rn.n CLAY & SILT/sand/ALLUVIAL t~95:>:/,/,5lll!---l-"-""l---~-,-~~~~~'.::....:'.~~~':=.1..:.~~~~~t t % Hard gray, red-brown silty CLAY, mottled, 

~ moist : : 

~ -- (occ. layers with little m sand), moist to 
~ very moist -1- t 

--
-1- -1-

--
t t 

25-~ -- : : 

22 ~ ?.R n silty CLAY/ALLUVIAL -1- t 

~ •

. •.-_·.. Dense gray f SAND, little silt, (frequent -1- t 
red-brown, gray silty CLAY layersJ, very 
moist -1- f-

~c.uu11-M.2..,.?.>líl!.!.I, SAND/silty clay/ALLUVIAL. , . 
: .. : .:- f-SÃND A.No- éiaj"êy SitT, \ oCc-: ãllty -clãy-,. ' r 
· ·: layers) +- r 
. •rn n SAND/SILT/ALLUVIAL ~ 

20 

1R 
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TEST BORING LOG 
Job Number Client/Project SCM Chemicals, Inc. Sheet No. Boring No. 
C-1636-02 HPP Landfill 2 of 5 G-18D 

Logged Project Location 

Baltimore Mar land Harvey Beaulieu 
'"' .µ 
\.. 

>
(/) ll: LAB TESTS +I 

w 
...JW 
a. a. 
:r: >
<! 1-
(/) 

::> CJ oz 
<! w 

...J . 
a. w 
:r: ll: 
<! o 
(J)ü 

'"' . 
ü • 
Wü 
ll:W 

ll: 
w 
...JW 
a. ll: 
:r:o 
<! ü 
(/) 

3W 
o:> 
...JO 
(O frl o 
w a: cr 
...J ll: 
a. w 
:r: ll: 
<! o 
(J)ü 

X 

1-wo ,... 
::,o wx 
...JU. ll:'"' 
<! ::, 1-
:)(/) 1- z 

3 (J)W 
: 0 H J
Z...J OZ 

III E O 
ü 

ss 
16 

2.0 0.9 2-6-13 19 
-20 

ss 2.0 1.7 5-12- 28 
17 16-21 

ss 2.0 2.0 7-14- 33 
18 19-24 

ss 2.0 1.6 9-14- 35 
19 21-27 

ss 2.0 2.0 6-18- 44 
20 26-33 

ss 2.0 2.0 6-17- 39 
21 22-30 

ss 1.4 1.2 27-39- 1/5 
22 51/5 

ss 1.4 1.3 27-35- 1/5 
23 51/5 

ss 2.0 2.0 22-36- 82 
24 46-61 

ss 0.3 0.3 100/4 00/ 
25 

ss 0.9 0.9 37- 1/5 
26 51/5 

ss 1.3 1.3 23-41- 1/ 
27 51/4 

ss 0.7 0.7 43- 1/ 
28 51/3 

ss 0.9 0.8 42- 1/5 
29 51/5 

ss 0.9 0.8 42- 1/5 
30 51/5 

ss 
31 

0.3 0.3 51/4 1/ 

ss 0.3 0.3 51/3 1/ 
32 

ss 0.4 0.4 51/5 1/5 
33 

ss 0.4 0.4 51/5 1/5 
34 

LL PI 
. 

::> 
w 
...J 
w 

-1 

-2 

I 
l
a. 
w 
o 

35 

40 

45 

50 

55 

DESCRIPTION ANO CLASSIFICATION 

Medium stiff gray1 red-brown sil.ty CLAY, 
(oc~. silt & clay, httle f sand seams), mottled, 
mo1st 

Very stiff gray, olive, red-brown sil.ty CLAY, 
moist to very moist 

-- red-gray, red-brown, purple 

-- gray, red-brown 

-- gray, red-brown, olive-brown, slightly 
moist 

- - ( occ. iron-cemented concretions), moist to 
slightly moist 

...J 

...J 
w 
3 

,. ,. 
t t 

t i-

t i-

t i

i- t 

t t 

t t 

i- t 

+- +-

t t 

t i-

+- +-

t t 

i- +-

t +-

*7'Millf-.18,,_,."'-lo , ___________ silty CLA Y / ALL UVIAL _ +- t 
Hard gray red-brown olive CLA Y & SILT, ,. +-
(frequent SILT, little f sand pockets w/silica · · 

9.5, cementation), slightly moist _ t t 
1 __________ C_!,~ ~ ~ §I!, 'f/ ~L_U.Y!_A_!,,1 i- t 
Hard red-brown, gray, brown silty CLAY, 
mottled, (occ. iron-cemented pockets up to t t 
1/2 inch), moist 

-- moist to slightly moist 

t t 

+- +-
i- i

i- +-

t t 

t t 

t t 

t t 

t t 

-13 60 -i;,~ ... 1-~"'-!--------......::csi::.:lt:.í....CC:.:L:::A..::.Y::..L:.AL=.L=.U.:::...:.V~IA..::.L:::......Jt t 
Hard fªY, oliveJ..red-brown SILT, some f t t 

65 

sand, frequent \jLAY & SILT, tr. f sand 
layers , mottled, slightly moist t t 

Hard gray-red, brown silty CLA Y, (frequent t t 
dark brown silty CLA Y, some f-m sandy 
iron-cemented pockets), slightly moist t t 

t t 
-- (frequent iron-cemented pockets), moist 

t t 

t t 

t t 

t t 

OOSTERBAAN ASSOCIATES, P.C. 
Geotechnic and Environmental Consultants 

REMARKS 

BORING NO. 

G-18D 

PAGE A - 25 



TEST BORING LOG 
Job Number Client/Project SCM Chemicals, Inc. Sheet No. Boring No. 
C-1636-02 HPP Landfill 3 of 5 G-18D 
Project Location Logged 
Baltimore Mar land Harvey Beaulieu ,.... 

+l +l >- LAB TESTS +1 .... .... (/) o: :r 
V V 3 lU 1- ,.... 1-. o:::) LUO ,... 

+l .jJ a. 
lU :, CJ ü . __JQ :JO LU X .... .... lU 
__J lU oz lU ü OJ frl o --lU. o: V V o,.... __J a. a. <! lU o: lU <! :J 1- .jJ DESCRIPTION ANO CLASSIFICATION __J REMARKS I: >- __J o: w o: cr :::)(/) 1- z I <I .... lU __J o: LL PI :, <! 1- lU 3 (/) lU lU 1- 1- V 3 (/) a. UJ __J UJ a. UJ : o H 1- a. <! o. o: I: o: Z--l oz __J w o: I: o: I: o <! o OJ I: o lU o 1-<! o 

(/)Ü <! ü (/)Ü ü (/) 
(/) X 

t" t" ss 0.4 0.4 51/5 1/5 Hard grar;-red, brown, olive silty CLAY, (occ. 
i- i-35 clay & si t, tr. f sand pockets), mottled, moist 
i- i-

ss 0.9 0.9 37~ 1/5 70 i- i-
36 51/5 i- i-

i- i-
ss 0.9 0.9 44- 1/5 

i- +-37 51/5 
... ... 

ss 0.8 0.8 43- 1/ - - slightly moist to moist +- +-
38 51/3 75 +- +-

+- +-ss 1.4 1.4 38-39- 1/5 -- moist to very moist +- j-39 51/5 
+- j-

ss 1.0 1.0 42- 1/ -- dark brown, red-brown +- +-
40 51/6 +- +-

80 +- +-ss 1.4 0.8 37-48- 1/5 - - and gray/ tr. f friable iron 
41 51/5 concretions stains +- +-

+- j-

ss 1.0 0.9 42- 1/ -- moist to slightly moist i- j-

42 51/6 +- j-

+- j-

ss 0.5 0.5 51/6 1/ -- moist to slightly moist +- +-43 85 
i- j-

ss 0.9 0.8 48- 1/5 -- moist +- j-

44 51/5 +- j-

j- j-

ss 1.4 1.4 32-43- 1/5 - - slight!y moist to moist 
t- +-45 51/5 
j- +-

ss 1.3 0.8 30-45- 1/ 90 +- +-
46 51/4 +- +-

+- +-ss 1.4 1.5 44-34- 1/5 -- red-brown, gray, (occ. f iron concretions) 
+- l-47 51/5 
l- l-

ss 0.9 0.9 41- 1/5 l- l-

48 51/5 95 l- l-

l- l-
ss 1.0 0.9 32- 1/ 

l- j-49 51/6 
l- l-

ss 1.0 0.9 35- -- (occ. f iron-cemented concretions), moist i- l-

50 51/6 l- t 

l- l-
ss 0.9 0.8 40- 1/5 100 

l- l-51 51/5 
l- l-

ss 0.8 0.8 43- 1/ -- moist to slightly moist l- l-

52 51/4 l- l-

l- l-
ss 0.4 0.4 51/5 1/5 l- l-

~ 
OOSTERBAAN ASSOCIATES, P.C. 
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TEST BORING LOG 
Client/Project SCM Chemicals, Inc. Sheet No. /Job Number 

C-1636-02 HPP Landfill 4 of 5 1 Boring No-:"\ 

G-18D 
Logged Project Location 

Baltimore. Marvland Harvey Beaulieu 
LAB TESTS +I 

~ UJ ::> C!l 
a.a. oz 
!: >- <I UJ 
<I 1- .J 
(/) a. w 

!: o:: 
<I o 
(f)ü 

ü • 
Wü 
O::W 

o:: 
w 
.J w 
a. o:: 
!: o 
<I ü 
(/) 

1-
wo ,... 
:>O WX 
~~ O::'-' 
<I, :li-

:>~ !ii [Í LL PI 
: 0 H 1-
Z.J O Z 

1D !: o 
ü 

ss 0.3 0.3 51/4 61/4 
54 

ss 
55 

ss 
56 

ss 
57 

ss 
58 

ss 
59 

ss 
60 

ss 
61 

ss 
62 

ss 
63 

ss 
64 

ss 
65 

0.5 

0.9 

0.8 

2.0 

z.o 

1.4 

1.4 

1.4 

1.0 

1.3 

0.9 

0.5 63/6 133/E 

0.9 41- t>l/5 
51/5 

0.8 43- 61/4 
51/4 

2.0 27-31- 68 
37-31 

2.0 22-25- 53 
28-35 

1.4 37-42- 61/5 
51/5 

1.4 35-40- ~ 1/5 
51/5 

1.4 20-36- 61/5 
51/5 

0.8 27- 61/E 
51/6 

1.3 40-45- 61/:: 
51/3 

0.8 38- 51/3 
51/3 

::> 
w 
.J 
UJ 

-67 

-76 

-81_ 

I 
l
a. 
w 
o 

(/) 

ü JJ 
H 
I 
a. 
<I 
o:: 
C!l 

li 

I 
l-
a. 
w 
o"' .µ 
<I r,... 
1- ...., 
<I 
o:: 
1-
(/) 

DESCRIPTION ANO CLASSIFICATION 
.J 
.J 
UJ 
3 

,.. ,.. 
t- t-

t +-
t t

t- t 

+- +-

110-~J : : 

1~ +- ~ 

~ 1,rn.o -- ,iity CLAY/ALLUVIAL _: : 
v ~ Hard tan-brown, gray SILT & CLA Y AND f . 

115-tv V, SAND, (frequent wet f SAND, some silt +- +-
v~ s, layers), moist +- +-
~v ', Hard brown clayey SILT, some f sand, very 
~v moist 

+- +-
v 

v 
'; ~ 

'; !:;' 

- - AND f SAND, ( occ. silty clay seams) +- +-

G r/ 
120-f;: r:;I v '/ 

f;: r:; 
~t ~ 

Hard brown CLAY & SILT, some f sand, (occ. 
silty clay seams), moist t t 

t t 

125-

t ~1 L r, 
v V 1123.5 

. :: 
.. 

] 

·.1 

-- (occ. gray silty clay seams) +- +-

t- t 

- - ,. +-
Hard brown, olive-brown clayey SILT AND f 
SAND, moist 

-- gray, gray-brown, (occ. silty CLAY layers) 

t- t 

t- t

t- t 

t t-

l?R.O t- t-
1) Very dense gray1 brown gray f SAND, some +- t-

; ·;1 silt,(frequentohveCLAY&SILT 

ss 
66 

0.5 0.5 100/6 00/ 

~ 1 seams/layers).. we~ ,to very,moist _, +- t-
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1. INTRODUCTION 

Geosyntec Consultants (Geosyntec) conducted a brief field exploration and a reasonably 
detailed laboratory soil testing program at the proposed site for the Fort Armistead Road 
Landfill (Lot 15 Landfill) in Baltimore, Maryland.  Because of the information contained in 
the previous study (Oosterbaan, 1991) did not include information regarding the strength and 
compressibility characteristics of the confining bed unit beneath the site, additional field 
exploration was conducted.  The data was needed to perform settlement and stability 
calculations for the proposed Lot 15 Landfill and the associated perimeter berm around the 
landfill. 
 
The remainder of this attachment is organized as follows: 

• in Section 2, the field exploration is described; 

• in Section 3, the laboratory testing program is described; and 

• in Section 4, the results of the field exploration and laboratory testing are summarized. 
 
 
2. FIELD EXPLORATION 

In May 2009, Geosyntec collected limited Shelby tube samples and bulk samples from the 
Lot 15 site to conduct laboratory tests.  Shelby tube samples were collected near the existing 
ground surface to a depth of 2 feet below.  Bulk samples were collected from the cohesive 
material (confining bed unit) stockpiled at the site as part of the investigation for the potential 
use of this material as a backfill for the proposed perimeter berm around the landfill.  Bulk 
samples were collected from the top, middle, and bottom of the stockpile.  Approximate 
sampling locations are shown on Figure 1. 
 
 
3. LABORATORY TESTING 

3.1 Introduction 

The four Shelby tube samples and bulk samples collected from the site were sent to Golder 
Associates’ Soil Testing Laboratory located in Atlanta, Georgia.  The tests were performed 
following relevant American Society of Testing Materials (ASTM) standards.  Laboratory 
tests comprise the following: 

• Atterberg Limits (ASTM D 4318); 

• Unit Weight (ASTM D 1556); 
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• Moisture Content (ASTM D 2216); 

• Specific Gravity (ASTM D 422); 

• Grain-Size Distribution (ASTM D 421); 

• Standard Proctor Compaction (ASTM D 698 Method A); 

• Consolidation Test (ASTM 2445 Method B); 

• Triaxial Unconsolidated Undrained (UU) (ASTM D 4767) and Consolidated 
Undrained (CU) (ASTM D 2850); 

• Hydraulic Conductivity Test (Flexible Wall) (ASTM D 5084); and 

• Direct Shear Tests (with geosynthetic material as inclusion) (ASTM D 5321). 
 
Table 1 summarizes the schedule for the above listed laboratory tests.  Test results are 
presented in Appendices A through E. 
 
3.2 Laboratory Results of Index Test, Compaction and Permeability 

Table 2 summarizes the results of index tests, Proctor and hydraulic conductivity tests.  
Appendix A includes the details of the laboratory test results.  The hydraulic conductivity or 
hydraulic conductivity (k) measured on two undisturbed samples (ST#2 and ST#3) using 
flexible wall permeameter test method are 1.8×10-7 cm/s and 2.7×10-6 cm/s respectively.  
These samples were obtained from shallow depths (clay that was excavated from the 30-acre 
site and disposed of at this location) and it is anticipated that significantly lower values for the 
clay hydraulic conductivity will be obtained at greater depths (approximately 50 ft below 
ground surface).   

 
3.3 Consolidation Tests 

A consolidation test was performed on undisturbed sample (ST#4).  The test results are 
presented in Appendix B.  From the compression curve (e-logσ'v) it can be seen that the 
curve is more or less flat and the volume change for the applied pressure range is minimal.  
Due to limitation in applying high pressure at the laboratory, the maximum pressure applied 
was 16 ksf (kilo pounds per square feet).  The curve highlights the highly over consolidated 
nature of the soil.  Test results can be used to estimate the compressibility characteristics of 
the soil recompression index Cr which is calculated to be 0.023. 
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Preconsolidation pressures (p'c) can be inferred from the effective stress failure envelop 
generated from a CU triaxial tests (Appendix C) of an undisturbed soil specimen (see 
Appendix C).  The procedure is also depicted in Figure C.1. Hence, a preconsolidation 
pressure (see the Mohr’s diagram) was estimated to be around 19,000 psf.  
  
3.4 Triaxial Tests – Undisturbed Samples 

 
The effective shear strength parameters of the confining bed unit is estimated from CU test 
performed at three different confining pressure stresses (3,974 psf, 7,949 psf and 13,896 psf) 
on Shelby tube sample (ST#1).  The test results are presented in Appendix C.  The stress path 
diagram clearly depicts the overconsolidated nature of the sample.  The stress path first 
reaches a maximum principal stress ratio value, then a maximum deviatoric stress (the reverse 
is the case for normally consolidated soils).  The failure envelop of overconsolidated clay 
shows a very marked curvature before it merges with the envelop corresponding to the 
normally consolidated condition.   
 
The undrained shear strength (su) for short term analysis were estimated from  UU tests 
conducted on two undisturbed soil specimens from ST#2 and ST#4.  The test results are 
presented in Appendix D.  The estimated su value for samples ST#2 and ST#4 are 2700 psf 
and 3500 psf respectively.  The samples were obtained at very shallow depth.  Table 3 
summarizes the shear strength parameters for undisturbed confining bed unit material. 
 
 
3.5 Triaxial Tests – Disturbed Samples 

The shear strength properties of the compacted clay is estimated from the CU test on four 
compacted clay specimen at three different confining pressure stresses (3,974 psf, 7,949 psf 
and 13,896 psf) for bulk sample obtained from the middle and bottom of the of the stockpile.  
The specimens were prepared by remolding the sample to approximately 90% and 95% of the 
maximum dry density on the dry of optimum side.  The test results are presented in 
Appendix E.  The estimated effective stress friction (φ') and cohesion (c') are summarized in 
Table 4.  The friction angle of remolded clay is similar to that of the undisturbed specimen 
while cohesion is lower. Generally the remolded strength of the clay is lower than that of the 
undisturbed strength due to reorientation of clay particles and it depends on the sensitivity of 
the clay and, for most clays, the sensitivity  ranges between 2 and 4 [Terzaghi et.al, 1996].  
 
3.5 Interface Testing 

Because a mechanically stabilized earth (MSE) berm will be constructed using the clay 
material available on site, an interface friction angle between the potential reinforcement and 
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the clay backfill was performed.  Table 5 summarizes the interface frictional properties 
between compacted clay and geosynthetic material inclusion. 
 
4. SUMMARY OF RESULTS 

Based on the results of Atterberg limits testing, the confining bed unit classifies as 
low-plasticity clay (CL).  The natural moisture content of the sample is close to the plasticity 
index (PI), indicating the in-situ material is in a plastic condition.  The average moist and 
saturated unit weights are 127 pounds per cubic feet (pcf) and 134 pcf, respectively.  The 
index properties and compaction characteristics of the confining bed unit are comparable to 
the properties of similar soils reported in the literature.  The measured hydraulic conductivity 
ranges between 1.8 × 10-7 and 2.7 × 10-6.  The triaxial CU shows the sample is over 
consolidated.  The estimated shear strength for undisturbed specimen and remolded specimen 
are summarized on Tables 3 and 4.  Similarly, Table 5 summarizes the interface frictional 
properties between compacted clay and geosynthetic material inclusion. 
 
 
5. REFERENCE 

Oosterbaan Associates, P.C. 1991.  Permit Application Phase II Report “Geology, 
Hydrogeology, and Landfill Conception Plan for Industrial Solid Waste Disposal Facility, 
HPP Landfill, Baltimore, Maryland”. 
 



 

 

TABLES 
 



Lot 15 Landfill, Baltimore, Maryland. 
Appendix B,  Report of Field Exploration 
 
 

MD97820.FIELD INVESTIGATION REPORT-REV1.DOC  4.5.11 

TABLE 1 
 

SUMMARY OF LABORATORY TESTING SCHEDULE 
(GEOSYNTEC, 2009) 

 

Test Type 
Bulk Sample (Stockpile) Shelby Tube (Undisturbed Samples) 

Top Middle (1) Middle (2) Bottom (1) Bottom (2) ST#1 ST#2 ST#2 ST#3 ST#4 ST#4 

Natural Moisture 
Content √ √  √  √    √  

Atterberg Limits √ √  √  √    √  

Grain  Size √ √  √  √     √ 

Compaction √ √  √     √ √  

Specific Gravity  √  √  √ √     

Unit Weight √ √ √ √ √ √ √ √ √ √ √ 

Hydraulic Conductivity 
(Flexible Wall)       √  √   

Consolidation          √  

Triaxial  √ (CU 90%) √ (CU, 95%) √ (CU 90%) √ (CU 95%) CU  UU   UU 

CU, 90% – Consolidated Undrained Test and are performed with pore pressure measurement, 90% represents the degree of compaction achieved while remolding the 
specimen, ST – Shelby Tube, UU-Unconsolidated Undrained  Middle (1) and Middle (2) represent two different soil samples from the same bulk sample collected 
from the middle of the stock pile. 
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TABLE 2 

SUMMARY OF INDEX, COMPACTION, AND HYDRAULIC CONDUCTIVITY TEST RESULTS 

Sample 
Location 

Soil 
Classification 

(USCS) 
wn (%) Gs Sr (%) eo k (cm/s) 

Atterberg Limits (%) Unit Weight γ (pcf) Compaction 

LL PI LI Dry Moist Saturated γdmax (pcf) OMC (%) 

Top SC 17 - - - - 26 11 0.15 - - - 121 12.0 

Middle (1) CL 15 2.72 - - - 36 15 -0.35 100 117 - 112 16.0 

Middle (2) - 14 - - - - - - - 106 121 - - - 

Bottom (1) CL 11 2.67 - - - 27 11 -0.38 107 119 - 120 13 

Bottom (2) - 11 - - - - - - - 113 125 - - - 

ST #1 CL 15 2.75 88 0.47 - 33 15 -0.19 117 135 137 - - 

ST #2 CL 13 2.66 67 0.53 1.8×10-7 - - - 110 125 130 - - 

ST #2 - 14 - 89 0.44 - - - - 117 134 136 - - 

ST #3 CL 14 2.7 78 0.49 2.7×10-6 - - - 113 129 133 - - 

ST #4 (1) CL 18 2.72 91.5 0.52 - 38 17 -0.19 111 131 133 - - 

ST #4 (2) - 17 - 100 0.44 - - - - 117 136 136 - - 

Average  15 2.7 85 0.48 1.44×10-6 32 15 -0.28 111 127 134 118 14 

wn- Natural water content, Gs-Specific gravity, Sr-Degree of saturation, e0-Initial void ratio, k-Hydraulic Conductivity, LL-Liquid limit, PI-Plasticity index, 
LI-Liquidity index, OMC-Optimum moisture content. 

 



Lot 15 Landfill, Baltimore, Maryland. 
Appendix B,  Field Exploration Report 
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TABLE 3 

SUMMARY OF ESTIMATED SHEAR STRENGTH 
FOR THE CONFINING BED (UNDISTURBED CLAY) 

Property ST#1 ST#2 ST#4 

Effective/Total Friction φ′(Degree) 28˚/23.7˚ - - 

Effective/Total Cohesion c′ (psf) 465/0 - - 
Undrained Shear Strength su (psf) - 2,700 3,500 

 
 

TABLE 4 

SUMMARY OF ESTIMATED EFFECTIVE/TOTAL STRESS PARAMETERS FOR 
COMPACTED CLAY SPECIMENS 

Sample Location 
Degree of 

Compaction 
(%) 

Water Content 
% Less than 

OMC 

Effective Shear 
Strength 

Total Shear 
Strength  

φ′ c′ φ′ c′ 

Middle of Stockpile 90 2.1 24 0 17.7 0 

Middle of Stockpile 95 -2.2 24.5 67.4 19.3 0 

Bottom of Stockpile 90 -1.8 26.9 59.2 19.1 0 

Bottom of Stockpile 95 -2 28 0.3 19.3 0 

 
 

TABLE 5 

SUMMARY OF ESTIMATED SHEAR STRENGTH 
FOR THE COMPACTED CLAY GEOSYNTHETIC MATERIAL INTERFACE 

Property Peak Large 
Displacements 

Friction δ (Degree) 30 28 

Cohesion c (psf) 930 635 
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APPENDIX A 

Index, Compaction and Hydraulic Conductivity Testing Results 























 

 

 
APPENDIX B 

Consolidation Testing Results 









 

 

APPENDIX C 
Triaxial Testing Results-Undisturbed Specimen 























 

 

APPENDIX D 
Triaxial Testing Results-Remolded or Bulk Specimen 











































 

 

APPENDIX E 
Direct Shear Test with Geosynthetic Material Inclusion 



GEOSYNTEC CONSULTANTS
INTERFACE DIRECT SHEAR TESTING (ASTM D 5321)

Shear Strength δ a
Parameters (deg) (psf)
Peak 30 930 0.994
LD 28 635 0.996

Test Shear Normal Shear Clay  Soil Failure
No. Box Size Stress Rate Stress Time Stress Time γd ωi ωf γd ωi ωf ωi ωf τP τLD Mode

(in. x in.) (psf) (in./min) (psf) (hour) (psf) (hour) (pcf) (%) (%) (pcf) (%) (%) (%) (%) (psf) (psf)
1A 12 x 12 3130 0.04 - - 3130 24 106.1 14.3 - - - - 2605 2255 (1)
1B 12 x 12 5220 0.04 - - 5220 24 105.9 14.5 - - - - 4105 3552 (1)
1C 12 x 12 7310 0.04 - - 7310 24 105.7 14.7 - - - - 5005 4422 (1)
1D 12 x 12 10440 0.04 - - 10440 24 106.6 13.8 - - - - 6866 6225 (1)

DATE OF REPORT:
FIGURE NO.
PROJECT NO.
DOCUMENT NO.
FILE NO.

C-1
SGI8028

ConsolidationSoaking Shear Strength

7/18/2009
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Upper Shear Box: Clay soil compacted to approximately 95% of maximum standard Proctor density at 2% dry of optimum moisture content against   
Miragrid 20XT geogrid against
Lower Shear Box: Clay soil compacted to approximately 95% of maximum standard Proctor density at 2% dry of optimum moisture cont

NOTES:
(1) Sliding (i.e., shear failure) occurred at the interface between the clay soil and geogrid.
(2) Each geogrid specimen was tested in the machine direction (i.e., direction of shearing parallel to MD)

S8028-09R.ds.xls



 
 

 

ATTACHMENT 6.5 

Laboratory Data from Cell 1 and Leachate Pond 

Construction, 

Geosyntec [2011] 
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APPENDIX C 
February 2021 Groundwater 

Monitoring Report 
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1.0  INTRODUCTION 
 

This Groundwater Monitoring Plan has been prepared for TRONOX Hawkins Point Plant Landfill 

(HPP Landfill) operating under a Refuse Disposal Permit 92-24- 03-1 JA issued by the Maryland 

Department of the Environment (MDE) June 22, 1992 and re-issued, with the most recent permit, 

as Permit 2015-WlF-0527A on December 4, 2015.  The Tronox HPP Landfill is a 30-acre parcel 

receiving non-hazardous industrial waste from titanium dioxide manufacturing operations.  

Although the manufacturing operations have ceased, the landfill still receives non-hazardous solid 

wastes generated during maintenance of environmental controls and plant property.  These wastes 

consist of excavated soil, clean-up of residual titanium ore, titanium dioxide or other soil-like 

materials remaining from the manufacturing operations of the site.  This plan sets forth the 

methods of sampling and analytical testing of groundwater samples from the monitoring well 

network at the landfill facility in accordance with the regulatory requirements of COMAR 

24.07.08(17) and Permit 2005-WIF-0527A, Part III. Section F. 

 

1.1  Facility Location 

 

The HPP Landfill is located in an area known as Hawkins Point in the southern part of Baltimore 

City, Maryland at the southern border with Anne Arundel County.  The city-county boundary 

marks the southern property line of the landfill tract.  The landfill site is contiguous with the HPP 

Plant parcel and is bound on the north by Fort Armistead Road, on the west by the Cabot Industrial 

Park, on the south by Anne Arundel County and on the east by the Hawkins Point Plant.  The 

location of the facility is shown in Figure 1. 
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1.2 General Facility Information 
 
 

The HPP Landfill consists of one monitorable unit situated on a 30-acre site.  

Monitoring wells M-1 through M-5 were installed under the ownership of the 

original permittee in October 1992 at which time routine sampling and 

monitoring began. 
 
1.3 Waste Stream Characteristics 

 
 

The waste stream as allowed by Permit 2005-WIF-0527 A and subsequent 

amendments and renewals consists of the following constituents: 

 

a. Primary gypsum 

h. Secondary gypsum 

c. Dewatered dredged solids from the chloride process settling basins 

d. Refractory Brick and brick solids from the calciner kilns, batch attack vessels 

e. Settled solids from the settling basins on the landfill 

f. Batch Attack Mud 

g. Batch Attack Vessel Refractory Brick and Brick Solids 

h. Chlorinator Refractory Brick and Brick Solids 

i. Excavated soil, clay and rubble 

j. Residual magnesium hydroxide and unreacted ore residues from the batch attack 
process 

 
 

Analytical tests are periodically performed on these wastes and submitted to MDE for review. 
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2.0 GROUNDWATER MONITORING WELL NETWORK 
 
 

2.1 Introduction 
 
 

The groundwater monitoring well network at the HPP Landfill consists of five (5) monitoring 

wells installed in the uppermost significant saturated zone within unconsolidated natural soil 

deposits beneath the landfill. Geologically, the sediments are part of the Patapsco Formation in 

the Patuxent Group within the Atlantic Coastal Plain. The initial hydrogeologic investigation for 

the landfill was submitted as Phase II of the Permit Application, and two supplements were 

subsequently provided on December 12, 1991 and February 7, 1992. Documentation of the 

monitoring well installations with well logs is contained in a report by Haley and Aldrich, Inc., 

December 9, 1992.  A copy of the report is contained in Appendix A. 

 
2.2 Monitoring Wells 

 
 

In accordance with the Code of Maryland Regulations (COMAR) 26.04.07.08(17), COMAR 

26.04.04, and provisions 1.1.2 and 1.1.6 of the Refuse Disposal Permit issued June 22, 1992, a 

groundwater detection monitoring system was installed to collect samples which meet the 

following: 

- Represent groundwater quality of the geologic media being monitored; 

- Capable of determining effect of operations on groundwater quality; 

- Determine whether potentially contaminated groundwater is migrating off the property; and 
 - Represent groundwater quality directly downgradient of the limits of waste placement. 

 

The groundwater monitoring wells consist of 5 wells, M-1 through M-5.  The well locations 

along with the groundwater contour maps are shown in Appendix B, Monitoring Well 

Location and Groundwater Contour Map. The wells were constructed in general accordance 

with the Specifications for the Design and Construction of Groundwater Monitoring Wells a.t 

Solid Waste Disposal Facilities recommended by the Maryland Department of the 

Environment, Hazardous and Solid Waste Management Administration, updated December 
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9, 1991.  A copy of the specifications recommended by MDE is contained in Appendix C.  

The wells range in depth from 137 to 192 feet below the existing ground surface and the 

screened portion of each well casing column is adjacent to the uppermost significant 

saturated zone encountered during drilling which was at least ten feet in thickness and 

capable of producing enough groundwater for sampling. A summary of the pertinent well 

details is presented in Table 1. 

 
2.3 On-Site Decontamination Procedures 

 
 

After each monitoring well installation, the drill rig, associated tools and down-hole 

equipment were decontaminated with a wash of de-ionized distilled water to minimize the 

potential for spreading potential contamination from one borehole to another. All 

decontamination procedures followed Standard Procedure 1 in Appendix D. 

 
2.4 Protection and Maintenance of Monitoring Well System 

 
 

The groundwater monitoring well network is situated away from anticipated operational 

traffic to avoid possible damage from equipment and vehicles.  The integrity of each well 

will be maintained throughout the life of the monitoring program.  All of the monitoring 

wells will be visually inspected each time the well is accessed for sampling or for water 

level measurements and the condition of the wells will be recorded.  Maintenance or repairs 

will be made if damage or inability to obtain a reliable sample is reported.   All repairs 

completed on monitoring wells will be documented in the reports of groundwater quality 

required to be submitted to MDE or in the annual operational report. 

 
2.5 Monitoring Well Development 

 
 

All monitoring wells were developed to remove excessive amounts of fine soil particles from 

the filter pack and geologic formation immediately adjacent to the well using a bailer, 

compressed air and/or submersible pump. Development procedures consisted of evacuating 

water in the well with  
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repeated intermittent pumping to create an agitating surge action to dislodge, suspend and 

evacuate fines. The development was continued until reasonably clear water was obtained from 

each well. Water removed from the wells was discharged away from the well head. 

 
2.6 Field Surveys 

 
Upon completion, all well locations were horizontally located in the field and elevations were 

measured by a registered land surveyor. The elevation of the ground surface at each well and 

the top of PVC casing (with cap removed) were determined to within 0.01 foot from project 

bench marks of known elevation. The elevations are presented in Table I. 

 
2.7 Decommissioning (Abandonment) of Monitoring Wells 

 
 

Wells which may become damaged beyond repair or wells which have attained the end of the 

monitoring period will be abandoned in accordance with COMAR 26.04.04. A copy of this 

regulation is contained in Appendix D as Standard Procedure 2. 
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 3.0 GROUNDWATER SAMPLING PROGRAM 

3.1 Introduction 
 

In compliance with the requirements of Permit 2015-WIF-0527A, groundwater samples are 

collected from each of the 5 monitoring wells on a semi-annual basis.  The samples are tested by an 

analytical laboratory approved by MDE for a parameter list specified in the permit. The parameters 

are compared to previous values to determine any changes and for exceedance of maximum 

concentration levels (MCLs). Water levels in each well are measured and recorded monthly. 
 

3.2 Parameter List 
 

The parameters which require analytical testing by Permit 2015-WIF-0527A are shown in the 

Permit as Table I, Volatile Organic Compounds and Table II, Elements and Indicator Parameters.  

The tables include the required practical quantitation limits (PQL’s) for each parameter.  Copies 

of these tables are included at the end of this narrative as Permit Table I and Permit Table II.  

Permit Table II corresponds to the majority of primary and secondary drinking water parameters. 

 

Table 2 (as distinguished from Permit Table II) lists the required preservatives, sample 

containers, and holding times for the tested parameters.  All information included in Table 2 is 

consistent with criteria established in 40CFR136.  Specific methods and laboratory reporting 

limits are also listed in Table 2.  The analytical methods to be used for laboratory analysis of 

the groundwater samples are consistent with Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods (SW-846), Standard Methods (18th edition), Standard Methods for 

Chemical Analysis of Water and Wastes and/or other industry acceptable methods.  All lab 

analyses reports shall detail the actual test parameters which shall conform to EPA procedures. 
 

3.3 Sample Collection Frequency 
 
 

In accordance with Permit 2015-WIF-0527A, Part III, F, groundwater samples are collected 

semi-annually in the first quarter, typically during the month of January, and in the third quarter, 

typically during July. 
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3.4 Groundwater Levels/Topographic Map/Groundwater Flow Direction 
 

Groundwater levels are determined in each well on a monthly basis and during each sampling 

event prior to purging the well as a minimum. The groundwater elevation data are collected in 

accordance with Standard Procedure 3, the sampling contractor's Standard Operating Procedure 

for Groundwater Well Sampli_ng.   Annually, aerial photogrammetry is obtained for the active 

landfill and surface mining portion of the site and a topographic map prepared from the data. The 

monitoring well locations and groundwater level data are utilized to construct a piezometric 

surface map, indicating groundwater flow direction and rate of seepage. 
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4.0 SAMPLE COLLECTION PROTOCOL 

 

To ensure that representative samples are obtained from the monitoring wells, the following 

sample collection protocol is followed: 

4.1 Personnel Training 

Each member in the sampling team is trained in the use of necessary sampling equipment, proper 

decontamination procedures, procedures for data recording, and chain of custody protocol. A 

copy of this Groundwater Monitoring Plan accompanies the sampling team. on each sampling 

event and is maintained at the facility. All members of the sampling team. have read and 

comprehended the contents of this Plan before application in the field. 
 

4.2 Health and Safety 
 
 

A health and safety program for groundwater sampling has been prepared and implemented to 

ensure the safety of all personnel. Each member of the sampling team is familiar with all health 

and safety procedures contained in the plan. 
 

 

4.3 Field Equipment and Calibration 
 

A variety of field equipment is used to collect representative samples from monitoring wells. A 

summary of equipment currently utilized at the landfill during groundwater sampling is provided 

below, but it should be recognized that substitute equipment of equal performance or greater 

performance as technological advances become available, will be implemented from time to 

time. 

Water Level Indicator 

An electrical water level indicator is currently used to measure groundwater levels in the 

monitoring wells. This device detects water levels by lowering a sensing tip attached to an 

electrical cable graduated with markers at every tenth of a foot.  The sensing tip consists 

of two insulated electrodes creating an open circuit in air. When the tip comes in contact 

with the water surface, the circuit is closed and a light and audible alarm are turned on. 
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The depth to water is read on the graduated cable at the reference point (top of PVC well 

casing) and recorded. Standard Procedure 3, Section 7.1.5, in Appendix D is followed to 

obtain water levels. The maintenance frequency and calibration procedures follow the 

manufacturer's recommendations. 

 
pH Meter 

To determine the hydrogen ion activity of the groundwater sample, a combined pH and 

temperature meter is used when measurement of pH is conducted in the field.  The proper 

use and calibration of this piece of equipment is documented in Standard Procedure 4 in 

Appendix D. This procedure is the sampling contractor's blanket Standard Operating 

Procedure for Field Determination of Residual Chlorine, pH, Temperature, Dissolved 

Oxygen, Carbon Dioxide, Specific Conductance and Oxidation-Reduction Potential.  It 

should be noted that only pH, temperature and specific conductance apply to the facility. 

 
Turbidity Meter 

A turbidity meter is used to measure the turbidity (suspended solids) contained in the 

sample in the field.  Standard Procedure 4 in appendix D outlines the procedure for 

use and calibration of this instrument 

 

Electrical Conductivity Meter 

An electrical conductivity meter is used to determine the specific conductivity of the 

sample in the field.  Standard Procedure 4 in appendix D outlines the procedure for 

use and calibration of this instrument. 
 

Purge Pumps 
 

Grundfos or Wilden M-2 pumps are used to evacuate the wells prior to sampling and to 

extract the groundwater sample. The guidelines for operation and maintenance of the 

pumps are contained in Standard Procedure 3, Section 7.1, of Appendix D.  If one pump 

is used it is decontaminated before sampling any wells, after each individual well sampling 

and at the end of the well sampling event before leaving the site.  If the purge pump is 

ineffective, a bailer dedicated to each specific well is used to purge the well and obtain 
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the sample. 

Bailers 

Bailers consisting of disposable fluorocarbon (Teflon) tubes with check valves at the base 

are used to purge and sample low yield wells in accordance with Standard Procedure 3, 

Section 7.1 in Appendix D. 

 
 4.4 Decontamination of Equipment 

 
 

To assure the integrity of groundwater samples, dedicated or disposable purging and sampling 

equipment are employed.  In the event that non-dedicated purging and sampling equipment are 

used, proper decontamination procedures are followed. These procedures include 

decontamination of all measuring, purging, sampling and field test equipment required in 

Standard Procedure 1 in Appendix D.  This activity is to take place at the maintenance building 

adjacent to the administration trailer. 

 
4.5 Monitoring Well Purging 

 
 

Prior to sample collection, all monitoring wells are purged to remove any stagnant water in the 

casing to ensure that a sample representative of groundwater in the porous media is obtained. 

Standard Procedure 3, Section 7.1, in Appendix D outlines the proper purging procedures and 

documentation required at the facility. All discharge generated during purging and sampling is 

directed away from the well head into the surface water collection system where it is discharged 

from the site through a permitted surface water outfall. 

 
4.6 Sampling Devices 

 
 

Sampling devices consist of a dedicated in-well pump, but a hollow stainless steel or 

fluorocarbon (Teflon) tubes with an opening and check valve at the base may be used. The bailer 

is tethered to a nylon rope used to raise and lower the bailer into and out of the well. The 

diameter of the bailer is slightly smaller than the inside diameter of the PVC well casing. 

Sampling equipment is not allowed to come into contact with the ground. 
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Every well has a dedicated pump.  Should a non-dedicated electrically operated pump or non-

dedicated bailer ever be used, the bailer and pump will be decontaminated in accordance with 

the procedures of Section 4.4. before purging the well.  After purging, a groundwater sample is 

collected from each well with the dedicated pump or a disposable Teflon bailer, one for each 

well.  If a single bailer is used for all wells, the decontamination procedures of Section 4.4 are 

implemented after each well is sampled. 

4.7 Sample Collection and Transportation 
 
 

Containers used for sample collection are preserved by the laboratory using the appropriate 

preservative as listed in Table 2.  The samples are transferred from the pump discharge lines to 

the containers in such a manner as to avoid agitation and aeration.  After collection, the samples 

are delivered to the laboratory in coolers insulated to maintain four degrees centigrade (4° C). 

The procedures which are followed for sample collection are contained in Standard Procedure 3 

in Appendix D.  In general, the order in which the wells are sampled is based on well yield and 

the relative degree of contamination.  Wells with low yield, poor recovery and low 

contamination levels are purged first, but due slow to very slow recovery, the sample may not 

be obtained until the latter part of the sampling event.  If well yields are similar, the upgradient 

monitoring well(s) are sampled first, followed by the downgradient wells. 

 
Typically, the order in which sample containers are filled with groundwater is based on the order 

of volatilization, with the samples for testing of the most volatile constituents containerized first. 

The general order of sampling occurs as follows: 

 
1. Volatile Organic Compounds (VOC’s) 

2. COD 

3. dissolved metals 

4. total alkalinity 

5. hardness 

6. sulfate and chloride 

7. nitrates 

8. fluoride 
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Each time a groundwater sample is obtained from a monitoring well, temperature and specific 

conductance are measured in the field following their respective protocol defined in the Standard 

Procedure 4 contained in Appendix D. A trip blank is run for each sampling session. QA/QC 

samples are run in the lab every 10 samples to validate the tests and the equipment. Any random 

sample is analyzed in the laboratory using the same methods and procedures as the rest of the 

samples from the same sampling event. 
 

4.8 Chain of Custody 
 
 

To track samples from the time of collection through laboratory analysis, a chain of custody 

protocol has been established.  Elements of the protocol include sample labels with specific 

information, field data sheets, chain of custody records and a laboratory logbook as defined in 

Standard Procedure 5, Appendix D.  The elements are discussed in the following: 

 

Sample Labels 

The labels for sample bottles are provided by the analytical laboratory.  The labels are 

waterproof and firmly affixed to the container to prevent loss of sample identification 

The label is filled out with the following information: 
 

1. facility where sample was obtained (Hawkins Point Plant (HPP) Industrial Waste 

  Landfill) 

2. location within facility where sample was obtained (landfill site) 

3. monitoring Well No. from which sample was collected 

4. date of collection 

5. name of collector 

6. preservatives used 

7. parameter test requested 

8. sample identification number 
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Field Data Sheet 

A field data sheet is completed for each monitoring well sampled. The field data 

sheet currently used is part of the Chain of Custody form.  An example of the field 

data sheet is shown in Appendix E.  This sheet includes: 

1. project number 

2. well number 

3. well depth 

4. facility name and location 

5. name of personnel present 

6. static water level 

7. top of casing elevation (referenced to mean sea level, datum of 1929, see Table 1) 

8. groundwater elevation 

9. type of casing material and diameter (2-inch PVC, etc.) 

10. volume of static water in well 

11. screened interval within well 

12. date of purging, purging method, purge volume and pumping rate 

13. date, time and method of sampling  

14. notation of any evidence of unauthorized tampering with www woo damage to lock or 

cap 

15. field observations and notes 
 
 

Chain of Custody Record Form: 
 

A Chain of Custody Record form accompanies each sample to document possession of 

the sample from the time the sample is collected to the time the sample is received at the 

laboratory. The Chain of Custody Record from also serves as the Request for Analysis 

form. An example of the Chain of Custody record form appears in Appendix E. The 

Chain of Custody Record form contains the following information: 
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1. laboratory sample identification and number 

2. sample matrix 

3. number of samples 

4. sampling date and time 

5. names of samplers 

6. client name, facility, project name and project number 

7. name and signature of person relinquishing and of person receiving samples 

8. temperature of sample cooler upon receipt at laboratory 

9. time and date samples were relinquished and received 

10. notes 
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5.0 QUALITY ASSURANCE/ QUALITY CONTROL 

 

To ensure the validity of the sample collected and the data reported by the laboratory, a quality 

assurance and quality control (QA/QC) program is implemented for field and laboratory. 

 

5.1 Field QA/QC 

Laboratory analyses of a field blank (to check extraneous sample contamination from equipment 

or atmosphere) and a duplicate are performed for all sampling events at the facility. One 

field/equipment blank is collected on each day of the sampling event or ten percent of the total 

number of samples, whichever is greater.   The field blank is collected in the same manner as the 

groundwater samples by passing distilled/de-ionized water through the equipment used in 

the field (including filters if samples are to be field filtered). This procedure ensures that 

equipment or ambient conditions at the time of sampling have not impacted the integrity of the 

groundwater samples. A custody seal is placed on each shipping container to discourage and 

detect sample tampering. 

 

5.2 Laboratory QA/OC 

 

The laboratory uses standards, duplicates, spikes and laboratory blanks to calibrate and identify 

any potential interference. The results of the laboratory quality control samples are used as an 

indicator of performance or to identify a source of cross contamination, but never to adjust the 

analytical data. All laboratory QA/QC is managed and maintained by the analytical laboratory. 

The laboratory is approved by MDE and copies of their QA/QC information should be available 

in MDE files.  The laboratory analytical results provided in reports and required to be submitted 

to MDE will include the laboratory analytical method for each test along with the detection limit 

(PQL). The laboratory method detection limit, at a minimum, meets the corresponding 

established maximum contaminant level. 
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6.0 METHOD OF EVALUATING AND REPORTING DATA 

 

6.1 General 

 

Based upon the current Permit 2015-WIF-0527 A, Part III, Sections E and F, groundwater level 

measurements, analyses of groundwater quality, and a semiannual water quality  report 

containing summary and interpretive discussion of all analyses of the chemical quality of 

groundwater from all of the monitoring wells specified in this landfill's approved groundwater 

monitoring plan (G&SWM) plan shall be submitted to MDE within 90 days of the close of the 

first and third calendar quarters. 

 

A qualified groundwater scientist or professional shall evaluate the results of the analyses and 

advise the permittee of any changes in water quality or any exceedance of applicable State and 

Federal guidelines. 

  
Parameters must be measured in their Practical Quantitation Limits (PQL) and all "J" values 

(“J” values are analytical results which are below the PQL but can be quantified by estimation) 

must be reported. A complete copy of the laboratory data and the interpretive findings shall be 

included in each semiannual water quality report. The analytical data for each well is to be 

presented in a spreadsheet in a time series format where quality data for each parameter can be 

observed simultaneously, to facilitate intra-well comparison. 

 
6.2 Analysis 

 
 

In order to assess whether a change in groundwater quality has occurred, the facility utilizes the 

Student "'t" test to determine whether a statistically significant change has occurred in the 

parameters.  After each sampling event, the test result for each parameter is compared to the 

mean of a selected set of background data to determine if a significant difference has occurred 

in the groundwater constituents on an intra-well basis. The background data is periodically  

 

updated when a sufficient number (four or more) data points becomes available.  The 

“maximum contaminant levels” (MCL's) for Primary and Secondary Drinking Water 
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Regulations from the U.S. Environmental Protection Agency are utilized by the facility to 

determine exceedance.  A copy of these values, current as of March 2011, is contained in 

Appendix H.  The MCL's are the same as those contained in COMAR 26.04.01.06. 

 
Upon detection of the exceedance of an MCL, Action Level or other health standard for the first 

time, the MDE must be notified within 24 hours of the receipt of the analytical data and the 

monitoring point(s) in which the standard was exceeded must be immediately resampled to 

verify the initial detection.  This resampling must occur as soon as possible, and no later than 

30 days (or longer time, but as soon as possible, which allows for a statistically independent 

sample) following notification of the permittee of the exceedance of the standard by the 

groundwater professional after initially reviewing and assessing the analytical data.  

 
6.3 Submittals and Time-lines 

 
The following is an outline for time-lines for submittals as required in Permit 20015-WIF-0527 

A for the on-going monitoring program. 

 
1. Groundwater levels from each well are measured and recorded monthly and included in 

     the semi-annual water quality report. 

 

2. All wells are sampled semi-annually during the first and third calendar quarter. The 

results of the analytical testing and the analysis of data by the groundwater 

professional are submitted to MDE within 90 days after the close of the first and third 

calendar quarter (before end of June and end of December). 

 

3. If analytical results from samples collected from any sources associated with the 

shall advise the Department of the first-time exceedance and any significant 

increase thereafter above MCL levels within 24 hours of receipt of the analytical 

data verifying this occurrence. 

 

4. The semi-annual report shall include a topographic map and piezometric contour 

 map showing the locations of the monitoring wells and piezometers. 
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TABLE 1 MONITORING WELL DIMENSIONAL DATA 
 

 

 
 

Well No. 

Depth Top of 
CasingC1> 

Ground 
Surface 

Well Screen 
Interval 

Filter Sand Saturated Zone 
 

Clay Seal Casing 
Diam. 

Current Prev. el., ft. msl el., ft. msl el., ft. msl el., ft. msl el., ft. msl el., ft. msl el., ft. msl m. 

HPP-1 M-1 -92.0 46.8 45.0 -81 to -91 -74 to -92 -77 to -92 -71 to -74 4 

HPP-2 M-2 -131.5 61.8 60.9 -119.6 to -129.6 -115 to -131.5 -118 to -131.5 -113 to -115 4 

HPP-3 M-3 -119.0 57.8 56.0 -104 to -114 -96 to -119 -101 to -119 -94 to -96 4 

HPP-4 M-4 -123.2 41.6 40.0 -110 to -120 -104.5 to -123.2 -102 to -123.2 -101 to -104.5 4 

HPP-5 M-5 -120.0 47.1 45.0 -105 to -115 -100 to -120 -102 to -120 -97 to -100 4 

 
(I) Top of PVC well casing inside of outer steel protective pipe = Reference point for groundwater measurements. 
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TABLE 2
SAMPLE HANDLING AND TESTING REQUIREMENTS

VOLATILE ORGANIC 
COMPOUNDS Container Material/ Preservative Hold Time and 

Temperature Anaytical Method PQL
(µg/L)

Acetone 5.0
Acrylonitrile 5.0
Benzene 1.0
Bromochloromethane 1.0
Bromodichloromethane 1.0
Bromoform 1.0
Bromomethane 1.0
2-Butanone 5.0
Carbon disulfide 1.0
Carbon tetrachloride 1.0
Chlorobenzene 1.0
Chloroethane 1.0
Chloroform 1.0
Chloromethane 1.0
Dibromochloromethane 1.0
1,2-Dibromo-3-chloropropane [1] 1.0
1,2 -  Dibromoethane (EDB) [1] 1.0
Dibromomethane 1.0
1,2 -  Dichlorobenzene 1.0
1,4 -  Dichlorobenzene 1.0
Trans-1,4-dichloro-2-butene 5.0
1,1-Dichloroethane 1.0
1,2-Dichloroethane 1.0
1,1-Dichloroethene 1.0
Cis-1,2-Dichloroethene 1.0
Trans-1,2-Dichloroethene 1.0
Methylene chloride 1.0
1,2-Dichloropropane 1.0
Trans-1,3-Dichloropropene 1.0
Cis-1,3-Dichloropropene 1.0
Ethvlbenzene 1.0
2-Hexanone 5.0
Iodomethane 1.0
4-Methyl-2-pentanone 5.0
Methyl Tertiary  Butyl Ether 2.0
Styrene 1.0
1,1,1,2-Tetrachloroethane 1.0
l ,1,2,2-Tetrachloroethane 1.0
Tetrachloroethene 1.0
Toluene 1.0
1,1,I-Trichloroethane 1.0
1,1,2-Trichloroethane 1.0
Trichloroethene 1.0
Trichlorofluoromethane 1.0
1,2,3-Trichlorooropane 1.0
Vinyl acetate 1.0
Vinyl chloride 1.0
Xylene 1.0

3 X 40 mL Glass 
/ HCl tp pH < 2

SW-846 8260 B/C
and

SW-846 8011

14 Days at < 6° C
No Headspace

KDaly
Text Box
0.04

KDaly
Text Box
0.04
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TABLE 2
SAMPLE HANDLING AND TESTING REQUIREMENTS

ELEMENTS AND INDICATOR  
PARAMETERS Container Material/ Preservative Hold Time and 

Temperature Anaytical Method PQL
(mg/L)

Total Antimony 0.0020
Total Arsenic 0.0020
Total Barium 0.0100
Total  Beryllium 0.0020
Total Cadmium 0.0040
Total Chromium 0.0100
Total Calcium 0.08
Total Cobalt 0.0100
Total Copper 0.0100
Total Iron 0.005
Total Lead 0.0020
Total Nickel 0.0110
Total Magnesium 0.004
Total Manganese 0.0100
Total Potassium 0.39
Total Selenium 0.035
Total Silver 0.0100
Total Sodium 0.2
Total Thallium 0.0020
Total Vanadium 0.0100
Total Zinc 0.0100
Total Mercury 28 Days at < 6° C EPA Method 245.1 0.0002
Alkalinity 250 mL Plastic / None 14 Days at < 6° C SM 2320B-11 I
Hardness 250 mL Plastic / HNO3  pH < 2 6 Months at < 6° C SM 2340B-1997 0.5
Chloride 2 X 40 mL Plastic / None 28 Days at < 6° C EPA Method 300.0 0.39
Nitrate 120 mL Plastic / H2SO4  pH < 2 48 Hours at < 6° C EPA Method 353.2 0.06
Chemical oxygen demand 100 mL Plastic / H2SO4  pH < 2 28 Days at < 6° C EPA Method 410.4 10
Ammonia 500 mL Plastic / H2SO4  pH < 2 28 Days at < 6° C SM 4500- NH3 B/C-2011 1
Sulfate 2 X 40 mL Plastic / None 28 Days at < 6° C EPA Method 300.0 0.38
Total dissolved solids 500 mL Plastic / None 7 Days at < 6° C SM 2540 C - 1997 10
PH 250 mL Plastic / None Immediate at < 6° C SW-846 9040B/C and Field Measured 0.1 (SU)
Specific conductance 250 mL Plastic / None 28 Days at < 6° C SW-846 9050A and Field Measured 1
Turbidity 250 mL Plastic / None 48 hours  at < 6° C EPA Method 180.1  and Field Measured 0.11 (NTU)

Notes:
[1] - 1,2-dibromoethane and 1,2-dibromo-3-chloropropane will be analyzed SW-846 8011.
mL - milliLiters
ug/L - micrograms per liter
mg/L - millgrams per Liter
SU - Standard Units
NTU - Nephelometric Turbidity Units

500 mL Plastic 
/ HNO3 to pH < 2

EPA Method 200.8 
and 

EPA Method 2007
6 Months at < 6° C



  Table 1
Monitoring Parameters

Volatile Organic Compounds (VOCs) PQL (ppb)
Acetone 5.0
Acrylonitrile 5.0
Benzene 1.0
Bromochloromethane 1.0
Bromodichloromethane 1.0
Bromoform 1.0
Bromomethane 1.0
2‐Butanone (MEK) 5.0
Carbon Disulfide 1.0
Carbon tetrachloride 1.0
Chlorobenzene 1.0
Chloroethane (Ethyl Chloride) 1.0
Chloroform 1.0
Chloromethame 1.0
Dibromochloromethane 1.0
1,2‐Dibromo‐3‐chloropropane 0.04
1,2‐Dibromoethane 0.04
Dibromomethane 1.0
1,2‐Dichlorobenzene 1.0
1,4‐Dichlorobenzene 1.0
Trans‐1,4‐dichloro‐2‐butene 5.0
1,1‐Dichloroethane 1.0
1,2‐Dichloroethane 1.0
1,1‐Dichloroethene 1.0
Cis‐1,2‐Dichloroethene 1.0
Trans‐1,2‐Dichloroethene 1.0
Methylene chloride 1.0
1,2‐Dichloropropane 1.0
Trans‐1,3‐Dichloropropene 1.0
Cis‐1,3‐Dichloropropene 1.0
Ethylbenzene 1.0
2‐Hexanone 5.0
Iodomethane 1.0
4‐Methyl‐2‐pentanone 5.0
Methyl‐t‐Butyl Ether 2.0
Styrene 1.0
1,1,1,2‐Tetrachloroethane 1.0
1,1,2,2‐Tetrachloroethane 1.0
Tetrachloroethene 1.0
Toluene 1.0
1,1,1‐Trichloroethane 1.0
1,1,2‐Trichloroethane 1.0
Trichloroethene 1.0
Trichlorofluoromethane 1.0
1,2,3‐Trichloropropane 1.0
Vinyl Acetate 1.0
Vinyl Chloride 1.0
Xylene 1.0
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PERMIT TABLE II. MONITORING PARAMETERS 

 

ELEMENTS AND 

INDICATOR PARAMETERS 

PQL 

(ppm) 

ELEMENTS AND 

INDICATOR PARAMETERS 

PQL 

(ppm) 

Total Antimony 0.0020 Total Silver 0.0100 

Total Arsenic 0.0020 Total Sodium 0.2 

Total Barium 0.0100 Total Thallium 0.0020 

Total Beryllium 0.0020 Total Vanadium 0.0100 

Total Cadmium 0.0040 Total Zinc 0.0100 

Total Chromium 0.0100 pH 0.1 (SU) 

Total Calcium 0.08 Alkalinity 1 

Total Cobalt 0.0100 Hardness 0.5 

Total Copper 0.0100 Chloride 0.39 

Total Iron  0.005 Specific Conductance 1 

Total Lead 0.0020 Nitrate 0.06 

Total Nickel 0.0110 Chemical Oxygen Demand (COD) 10 

Total Magnesium 0.004 Turbidity 0.11 (NTU) 

Total Manganese 0.0100 Ammonia 1 

Total Mercury 0.0002 Sulfate 0.38 

Total Potassium  0.39 Total dissolved solids 10 

Total Selenium  0.035   

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

Monitoring Well Construction Documents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 

Monitoring Well Location Map 

Groundwater Piezometric Contour Map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX C 

MDE Well Specifications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

  

APPENDIX D 

Standard Procedures 

 

1. Decontamination 

2. Abandonment of Wells 

3. Groundwater Sampling Procedures 

4. Field Test Procedures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standard Procedure 1 

DECONTAMINATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX E 

Field Data and Chain of Custody Sheets 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX F 

Drinking Water Maximum Concentration Limits 

 

 

 

 

 



APPENDIX E 
Historical Laboratory Results
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TABLE 2

SUMMARY OF INDEX AND HYDRAULIC CONDUCTIVITY TEST RESULTS 
[Oosterbaan, 1991] 

Sample 
(Depth (ft)) 

Elevation* 

(ft-msl) k (cm/s) LL (%) PI 
(%) 

wn 
(%) 

G-3D (40) 22 2.15×10-6

G-7D (26) 21 1.7×10-6 

G-12D (36) 40 8×10-6 

G-16D (20) 21 6.6×10-6 

G-19 (11) 19 6.2×10-6 

G-19 (16) 14 1.6×10-5 

G-22 (30.5) 1.7×10-5 60 37 23

G-8D (50) 25 9 14

G-13D (4) 13

G-13D(66) 19

G-18D(148) 22

G-19(128) 17
* Elevation at which the hydraulic conductivity tests were performed.



MEM1653/PHASE II REPORT_DRAFT September 2019 

TABLE 3 

SUMMARY OF INDEX, COMPACTION AND HYDRAULIC CONDUCTIVITY 

TEST RESULTS 

[Geotechnology Associates, Inc., 1999] 

Parameter Maximum Minimum Average Number of 
Tests 

Natural Moisture Content, wn(%) 16 13 14

Specific Gravity, Gs 2.83 2.7 2.76

Liquid Limit, LL (%) 43 39 41 

Plasticity Index PI (%) 24 21 22 

Liquidity Index LI (%) 1.35 -0.34 -0.91

Maximum  Dry Density, γdmax (pcf) 119.4 113.7 115 8

Optimum Moisture Content, OMC (%) 16.3 13.6 14 8 

Hydraulic Conductivity, k (cm/sec) 5.22 × 10-8 4.37 × 10-8 4.78 × 10-8 9



TABLE 7
SUMMARY OF VOLATILE ORGANIC COMPOUND RESULTS

Phase II Report
Hawkins Point Plant Landfill

Baltimore, Maryland

Geosyntec Consultants

Well Date

1,1,1-
Trichloroetha

ne 
(µg/l)

1,1,2,2-
Tetrachloro 

ethane              
(µg/l)

1,1,2-
Trichloroetha

ne 
(µg/l)

1,1-
Dichloroethan

e 
(µg/l)

1,1-Dichloro 
ethene 
(µg/l)

1,2-
Dichloroethan

e 
(µg/l)

1,2-Dichloro 
propane            

(µg/l)

2-Hexanone 
(µg/l)

4-Methyl-2-
Pentanone 

(µg/l)

Acetone
(µg/l)

200 NA 5 NA 7 5 5 NA NA NA
200 0.053 5 90 7 5 5 NA NA 550

7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
1/7/2015 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/6/2015 ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (10) ND (10) ND (50)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)

7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)

7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (5.0) ND (5.0) ND (5.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
1/8/2015 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/6/2015 ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (10) ND (10) ND (50)
1/8/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)

7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)

7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (5.0) ND (5.0) ND (5.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
1/8/2015 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/7/2015 ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (10) ND (10) ND (50)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)

7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)

7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (5.0) ND (5.0) ND (5.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)

Notes:
J - The constituent was detected and the associated numerical value is estimated.
µg/L - micrograms per liter
ND - non-detected
NA - not available
NDPWR - National Primary Drinking Water Regulations
MDE GWS - Maryland Department of the Environment Groundwater Standard
Bold -  Detected concentration greater than MDL

NPDWR Standard: 
MDE GWS: 

HPP-1

HPP-2

HPP-3
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TABLE 7
SUMMARY OF VOLATILE ORGANIC COMPOUND RESULTS

Phase II Report
Hawkins Point Plant Landfill

Baltimore, Maryland

Geosyntec Consultants

Well Date

1,1,1-
Trichloroetha

ne 
(µg/l)

1,1,2,2-
Tetrachloro 

ethane              
(µg/l)

1,1,2-
Trichloroetha

ne 
(µg/l)

1,1-
Dichloroethan

e 
(µg/l)

1,1-Dichloro 
ethene 
(µg/l)

1,2-
Dichloroethan

e 
(µg/l)

1,2-Dichloro 
propane            

(µg/l)

2-Hexanone 
(µg/l)

4-Methyl-2-
Pentanone 

(µg/l)

Acetone
(µg/l)

200 NA 5 NA 7 5 5 NA NA NA
200 0.053 5 90 7 5 5 NA NA 550

NPDWR Standard: 
MDE GWS: 

7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
1/8/2015 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/7/2015 ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (10) ND (10) ND (50)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)

7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
1/30/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (5.0) ND (5.0) ND (5.0)
1/16/2019 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
1/7/2015 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/7/2015 ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (10) ND (10) ND (50)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)

7/29/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)

7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (5.0) ND (5.0) ND (5.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (5.0)

Notes:
J - The constituent was detected and the associated numerical value is estimated.
µg/L - micrograms per liter
ND - non-detected
NA - not available
NDPWR - National Primary Drinking Water Regulations
MDE GWS - Maryland Department of the Environment Groundwater Standard
Bold -  Detected concentration greater than MDL

HPP-5

HPP-4
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TABLE 7
SUMMARY OF VOLATILE ORGANIC COMPOUND RESULTS

Phase II Report
Hawkins Point Plant Landfill

Baltimore, Maryland

Geosyntec Consultants

Well Date Benzene 
(µg/l)

Bromodichlor
omethane

 (µg/l)

Bromoform 
(µg/l)

Bromomethan
e 

(µg/l)

Carbon 
Disulfide 

(µg/l)

Carbon 
Tetrachloride 

(µg/l)

Chlorobenzen
e

 (µg/l)

Chloroethane 
(µg/l)

Chloroform 
(µg/l)

Chloromethan
e 

(µg/l)

5 NA NA NA NA 5 100 NA NA NA
5 80 80 0.85 100 5 100 3.6 80 19

7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
1/7/2015 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/6/2015 ND (5.0) ND (5.0) ND (5.0) ND (10) ND (10) ND (5.0) ND (5.0) ND (10) ND (5.0) ND (10)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
1/8/2015 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/6/2015 ND (5.0) ND (5.0) ND (5.0) ND (10) ND (10) ND (5.0) ND (5.0) ND (10) ND (5.0) ND (10)
1/8/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
1/8/2015 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/7/2015 ND (5.0) ND (5.0) ND (5.0) ND (10) ND (10) ND (5.0) ND (5.0) ND (10) ND (5.0) ND (10)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)

7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)

Notes:
J - The constituent was detected and the associated numerical value is estimated.
µg/L - micrograms per liter
ND - non-detected
NA - not available
NDPWR - National Primary Drinking Water Regulations
MDE GWS - Maryland Department of the Environment Groundwater Standard
Bold -  Detected concentration greater than MDL

NPDWR Standard: 
MDE GWS: 

HPP-1

HPP-2

HPP-3
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TABLE 7
SUMMARY OF VOLATILE ORGANIC COMPOUND RESULTS

Phase II Report
Hawkins Point Plant Landfill

Baltimore, Maryland

Geosyntec Consultants

Well Date Benzene 
(µg/l)

Bromodichlor
omethane

 (µg/l)

Bromoform 
(µg/l)

Bromomethan
e 

(µg/l)

Carbon 
Disulfide 

(µg/l)

Carbon 
Tetrachloride 

(µg/l)

Chlorobenzen
e

 (µg/l)

Chloroethane 
(µg/l)

Chloroform 
(µg/l)

Chloromethan
e 

(µg/l)

5 NA NA NA NA 5 100 NA NA NA
5 80 80 0.85 100 5 100 3.6 80 19

NPDWR Standard: 
MDE GWS: 

7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
1/8/2015 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/7/2015 ND (5.0) ND (5.0) ND (5.0) ND (10) ND (10) ND (5.0) ND (5.0) ND (10) ND (5.0) ND (10)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
1/30/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/16/2019 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
1/7/2015 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/7/2015 ND (5.0) ND (5.0) ND (5.0) ND (10) ND (10) ND (5.0) ND (5.0) ND (10) ND (5.0) ND (10)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)

7/29/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (2.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (2.0)

Notes:
J - The constituent was detected and the associated numerical value is estimated.
µg/L - micrograms per liter
ND - non-detected
NA - not available
NDPWR - National Primary Drinking Water Regulations
MDE GWS - Maryland Department of the Environment Groundwater Standard
Bold -  Detected concentration greater than MDL

HPP-4

HPP-5
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TABLE 7
SUMMARY OF VOLATILE ORGANIC COMPOUND RESULTS

Phase II Report
Hawkins Point Plant Landfill

Baltimore, Maryland

Geosyntec Consultants

Well Date

cis-1,2-
Dichloro 
ethene 
(µg/l)

cis-1,3-
Dichloro 
propene      

(µg/l)

Dibromo
chloromethan

e      
(µg/l)

Ethylbenzene 
(µg/l)

m,p-Xylene 
(µg/l)

Methylene 
Chloride

 (μg/l)

o-Xylene 
(µg/l)

Styrene
 (µg/l)

Toluene
 (µg/l)

Total Xylenes 
(µg/l)

70 NA NA 700 NA NA NA NA 1,000 10,000
70 0.44 80 700 NA NA NA 100 1,000 10,000

7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/7/2015 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/6/2015 ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (10) ND (5.0) ND (5.0) ND (5.0) ND (5.0)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/8/2015 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/6/2015 ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (10) ND (5.0) ND (5.0) ND (5.0) ND (5.0)
1/8/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/8/2015 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/7/2015 ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (10) ND (5.0) ND (5.0) ND (5.0) ND (5.0)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)

Notes:
J - The constituent was detected and the associated numerical value is estimated.
µg/L - micrograms per liter
ND - non-detected
NA - not available
NDPWR - National Primary Drinking Water Regulations
MDE GWS - Maryland Department of the Environment Groundwater Standard
Bold -  Detected concentration greater than MDL

NPDWR Standard: 
MDE GWS: 

HPP-1

HPP-2

HPP-3
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TABLE 7
SUMMARY OF VOLATILE ORGANIC COMPOUND RESULTS

Phase II Report
Hawkins Point Plant Landfill

Baltimore, Maryland

Geosyntec Consultants

Well Date

cis-1,2-
Dichloro 
ethene 
(µg/l)

cis-1,3-
Dichloro 
propene      

(µg/l)

Dibromo
chloromethan

e      
(µg/l)

Ethylbenzene 
(µg/l)

m,p-Xylene 
(µg/l)

Methylene 
Chloride

 (μg/l)

o-Xylene 
(µg/l)

Styrene
 (µg/l)

Toluene
 (µg/l)

Total Xylenes 
(µg/l)

70 NA NA 700 NA NA NA NA 1,000 10,000
70 0.44 80 700 NA NA NA 100 1,000 10,000

NPDWR Standard: 
MDE GWS: 

7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/8/2015 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/7/2015 ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (10) ND (5.0) ND (5.0) ND (5.0) ND (5.0)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/30/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/16/2019 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/7/2015 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/7/2015 ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (10) ND (5.0) ND (5.0) ND (5.0) ND (5.0)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)

7/29/2016 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) 0.38 J 1.6 J ND (2.0) 0.52 J ND (1.0) 0.60 J 2.2 J
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)

Notes:
J - The constituent was detected and the associated numerical value is estimated.
µg/L - micrograms per liter
ND - non-detected
NA - not available
NDPWR - National Primary Drinking Water Regulations
MDE GWS - Maryland Department of the Environment Groundwater Standard
Bold -  Detected concentration greater than MDL

HPP-4

HPP-5
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TABLE 7
SUMMARY OF VOLATILE ORGANIC COMPOUND RESULTS

Phase II Report
Hawkins Point Plant Landfill

Baltimore, Maryland

Geosyntec Consultants

Well Date

trans-1,2- 
Dichloro 
ethene 
(µg/l)

trans-1,3-
Dichloro 
propene        

(µg/l)

Trichloroethe
ne

(µg/l)

Vinyl 
Chloride 

(µg/l)
Well Date

trans-1,2- 
Dichloro 
ethene 
(µg/l)

trans-1,3-
Dichloro 
propene        

(µg/l)

trans-1,4-
Dichloro-2-

Butene 
(µg/l)

Trichloroe
thene
(µg/l)

Vinyl 
acetate 
(µg/l)

Vinyl 
Chloride 

(µg/l)

100 NA 5 2 100 NA 5 2
100 0.44 5 2 100 0.44 5 2

7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 7/8/2014 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
1/7/2015 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 1/8/2015 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
7/6/2015 ND (5.0) ND (5.0) ND (5.0) ND (2.0) 7/7/2015 ND (5.0) ND (5.0) - ND (5.0) - ND (2.0)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 1/7/2016 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 7/28/2016 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 1/30/2017 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 7/18/2017 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 1/15/2018 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) 7/18/2018 ND (1.0) ND (1.0) ND (5.0) ND (1.0) ND (5.0) ND (1.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 1/16/2019 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 7/8/2014 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
1/8/2015 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 1/7/2015 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
7/6/2015 ND (5.0) ND (5.0) ND (5.0) ND (2.0) 7/7/2015 ND (5.0) ND (5.0) - ND (5.0) - ND (2.0)
1/8/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 1/7/2016 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 7/29/2016 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 2/6/2017 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 7/18/2017 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 1/15/2018 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0) 7/18/2018 ND (1.0) ND (1.0) ND (5.0) ND (1.0) ND (5.0) ND (1.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (2.0) 1/15/2019 ND (1.0) ND (1.0) - ND (1.0) - ND (2.0)
7/8/2014 ND (1.0) ND (1.0) ND (1.0) ND (2.0)
1/8/2015 ND (1.0) ND (1.0) ND (1.0) ND (2.0)
7/7/2015 ND (5.0) ND (5.0) ND (5.0) ND (2.0)
1/7/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0)

7/28/2016 ND (1.0) ND (1.0) ND (1.0) ND (2.0)
2/6/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0)
7/18/2017 ND (1.0) ND (1.0) ND (1.0) ND (2.0)
1/15/2018 ND (1.0) ND (1.0) ND (1.0) ND (2.0)
7/18/2018 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1/15/2019 ND (1.0) ND (1.0) ND (1.0) ND (2.0)

Notes:
J - The constituent was detected and the associated numerical value is estimated.
µg/L - micrograms per liter
ND - non-detected
NA - not available
NDPWR - National Primary Drinking Water Regulations
MDE GWS - Maryland Department of the Environment Groundwater Standard
Bold -  Detected concentration greater than MDL

HPP-4

HPP-5

NPDWR Standard: 
MDE GWS: 

NPDWR Standard: 
MDE GWS: 

HPP-1

HPP-2

HPP-3
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TABLE 8
SUMMARY OF METALS, GENERAL CHEMISTRY, 

AND FIELD PARAMETERS

Phase II Report
Hawkins Point Plant Landfill

Baltimore, Maryland

Geosyntec Consultants

Location HPP-1 HPP-1 HPP-1 HPP-1 HPP-2
Date 8/18/2017 1/15/2018 7/18/2018 1/15/2019 8/18/2017

GWQC

Turbidity (Lab) NTU 0.26 <0.20 0.27 0.37 <0.10
Nitrate as N mg/L 10 <0.10 <0.10 0.054 <0.10 <0.10
Nitrite as N mg/L 10 <0.10 <0.10 <0.012 <0.012 <0.10
Chemical Oxygen Demand mg/L <10 <10 <10 <10 <10
Alkalinity (total) mg CaCO3 /L <1.0 <1.0 <1.0 <1.0 <1.0
Total Dissolved Solids mg/L 77 100 42 35 61
Ammonia as N mg/L <0.10 <0.10 <0.10 <0.10 <0.10
Hardness (as CaCO3) mg/L 40 11 24 8.9 30
Specific Conductance (Field) µmhos/cm 121 108 97 90 75
pH (Field) pH units 4.40 4.26 4.00 4.29 4.10
Chloride mg/L 3.30 3.20 3.10 3.38 3.70
Sulfate mg/L 32 27 28.5 24.9 10

Antimony mg/L 0.006 <0.0020 <0.0020 <0.0010 <0.0010 <0.0020
Arsenic mg/L 0.01 <0.0040 <0.0040 0.0015 <0.0010 <0.0040
Barium mg/L 2 0.013 0.014 <0.020 <0.020 <0.010
Beryllium mg/L 0.004 <0.0020 <0.0020 <0.0020 <0.020 <0.0020
Cadmium mg/L 0.004 <0.00400 <0.00400 0.000379 0.000275 <0.00400
Calcium mg/L 3.30 2.90 2.60 2.30 0.67
Chromium (III+VI) mg/L 0.1 <0.010 <0.010 <0.020 <0.020 <0.010
Cobalt mg/L 0.006 0.011 0.011 <0.020 <0.020 0.011
Copper mg/L 1.3 <0.010 <0.010 <0.020 <0.020 <0.010
Iron mg/L 1.4 11 9.2 7.9 6.4 0.36
Lead mg/L 0.015 <0.0020 <0.0020 <0.0010 <0.0010 <0.0020
Magnesium mg/L 0.88 0.91 0.83 0.79 0.41
Manganese mg/L 0.043 0.27 0.27 0.23 0.18 0.025
Molybdenum mg/L 0.01 <0.0160 <0.0160 0.0057 <0.0050 <0.0160
Mercury mg/L 0.002 <0.00020 <0.00020 <0.00020 <0.00020 0.000023 J
Nickel mg/L 0.073 0.017 0.019 <0.040 <0.040 0.018
Potassium mg/L 0.64 0.70 0.62 0.64 0.58
Selenium mg/L 0.05 <0.0120 <0.0120 <0.0050 <0.0050 <0.0120
Silver mg/L 0.0094 <0.010 <0.010 <0.0040 <0.0040 <0.010
Sodium mg/L 2.10 2.20 2.10 1.90 2.0
Thallium mg/L 0.002 <0.0020 <0.0020 <0.0010 <0.0010 <0.0020
Vanadium mg/L 8.6 <0.010 0.012 <0.020 <0.020 <0.010
Zinc mg/L 5 0.057 0.055 0.050 0.044 0.025
Notes:
J - The constituent was detected and the associated numerical value is estimated.
U - The constituent was analyzed for, but was not detected at a level greater than or equal to the method detection limit (MDL).
mg/L - milligrams per liter
µS/cm - micro Siemens per centimeter
SU - standard units
mV - millivolts
NTU - Nephelometric Turbidity Units
Analytes not detected shown as < Reporting Limit
GWQC - Groundwater Quality Criteria is USEPA Maximum Contaminant Level, MDE Cleanup Standard, or USEPA Region III Tapwater RSL
Bold -  Detected concentration greater than MDL
Bold and Shaded - Sample concentration detected greater than GWQC

Analyte Units

General Chemistry/Field Parameters

Metals (Total)
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TABLE 8
SUMMARY OF METALS, GENERAL CHEMISTRY, 

AND FIELD PARAMETERS

Phase II Report
Hawkins Point Plant Landfill

Baltimore, Maryland

Geosyntec Consultants

Location HPP-2 HPP-2 HPP-2 HPP-3 HPP-3
Date 1/15/2018 7/18/2018 1/15/2019 8/18/2017 1/15/2018

GWQC

Turbidity (Lab) NTU <0.20 <0.20 <0.20 1.5 0.30
Nitrate as N mg/L 10 <0.10 <0.050 <0.10 <0.10 <0.10
Nitrite as N mg/L 10 <0.10 <0.012 <0.012 <0.10 <0.10
Chemical Oxygen Demand mg/L <10 <10 <10 <10 <10
Alkalinity (total) mg CaCO3 /L <1.0 <1.0 <1.0A 10 <1.0
Total Dissolved Solids mg/L 55 <10 10 61 87
Ammonia as N mg/L <0.10 <0.10 <0.10 0.20 <0.10
Hardness (as CaCO3) mg/L 10 40 3.3 28 12
Specific Conductance (Field) µmhos/cm 87 62 69 96 113
pH (Field) pH units 4.19 4.1 4.12 5.6 5.69
Chloride mg/L 3.40 3.57 3.55 3.50 3.30
Sulfate mg/L 8.6 10.7 11 22 21

Antimony mg/L 0.006 <0.0020 <0.0010 <0.0010 <0.0020 <0.0020
Arsenic mg/L 0.01 <0.0040 <0.0010 <0.0010 0.0075 0.0077
Barium mg/L 2 <0.010 <0.020 <0.020 0.011 0.011
Beryllium mg/L 0.004 <0.0020 <0.020 <0.020 <0.0020 <0.0020
Cadmium mg/L 0.004 <0.00400 <0.000250 <0.000250 <0.00400 <0.00400
Calcium mg/L 0.68 0.63 0.62 4.6 4.8
Chromium (III+VI) mg/L 0.1 <0.010 <0.020 <0.020 <0.010 <0.010
Cobalt mg/L 0.006 0.012 <0.020 <0.020 <0.010 <0.010
Copper mg/L 1.3 <0.010 <0.020 <0.020 <0.010 <0.010
Iron mg/L 1.4 0.73 0.39 0.25 13 14
Lead mg/L 0.015 <0.0020 <0.0010 <0.0010 <0.0020 <0.0020
Magnesium mg/L 0.44 0.42 0.42 0.60 0.71
Manganese mg/L 0.043 0.028 0.026 0.026 0.17 0.26
Molybdenum mg/L 0.01 <0.0160 <0.0050 <0.0050 <0.0160 <0.0160
Mercury mg/L 0.002 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020
Nickel mg/L 0.073 0.018 <0.040 <0.040 <0.011 <0.011
Potassium mg/L 0.59 0.54 0.56 0.42 0.44
Selenium mg/L 0.05 <0.0120 <0.0050 <0.0050 <0.0120 <0.0120
Silver mg/L 0.0094 <0.010 <0.0040 <0.0040 <0.010 <0.010
Sodium mg/L 2.1 2.1 1.9 2.5 2.7
Thallium mg/L 0.002 <0.0020 <0.0010 <0.0010 <0.0020 <0.0020
Vanadium mg/L 8.6 <0.010 <0.020 <0.020 <0.010 <0.010
Zinc mg/L 5 0.025 0.023 0.023 <0.010 <0.010
Notes:
J - The constituent was detected and the associated numerical value is estimated.
U - The constituent was analyzed for, but was not detected at a level greater than or equal to the method detection limit (MDL).
mg/L - milligrams per liter
µS/cm - micro Siemens per centimeter
SU - standard units
mV - millivolts
NTU - Nephelometric Turbidity Units
Analytes not detected shown as < Reporting Limit
GWQC - Groundwater Quality Criteria is USEPA Maximum Contaminant Level, MDE Cleanup Standard, or USEPA Region III Tapwater RSL
Bold -  Detected concentration greater than MDL
Bold and Shaded - Sample concentration detected greater than GWQC

Analyte Units

General Chemistry/Field Parameters

Metals (Total)
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TABLE 8
SUMMARY OF METALS, GENERAL CHEMISTRY, 

AND FIELD PARAMETERS

Phase II Report
Hawkins Point Plant Landfill

Baltimore, Maryland

Geosyntec Consultants

Location HPP-3 HPP-3 HPP-4 HPP-4 HPP-4
Date 7/18/2018 1/15/2019 8/18/2017 1/15/2018 7/18/2018

GWQC

Turbidity (Lab) NTU 1.1 19 <0.10 <0.20 0.21
Nitrate as N mg/L 10 0.050 <0.10 <0.10 <0.10 <0.050
Nitrite as N mg/L 10 <0.012 <0.012 <0.10 <0.10 <0.012
Chemical Oxygen Demand mg/L <10 <10 <10 <10 <10
Alkalinity (total) mg CaCO3 /L <1.0 <1.0 <1.0 <1.0 <1.0
Total Dissolved Solids mg/L <10 28 35 54 15
Ammonia as N mg/L 0.25 0.19 0.10 <0.10 <0.10
Hardness (as CaCO3) mg/L 34 13 24 10 10
Specific Conductance (Field) µmhos/cm 94 10.3 45 62 42
pH (Field) pH units 5.80 5.58 4.50 4.5 4.20
Chloride mg/L 3.16 3.49 2.50 2.20 2.28
Sulfate mg/L 23.3 25.5 7.9 7.8 8.08

Antimony mg/L 0.006 <0.0010 <0.0010 <0.0020 <0.0020 <0.0010
Arsenic mg/L 0.01 0.0077 0.0102 <0.0040 <0.0040 <0.0010
Barium mg/L 2 <0.020 <0.020 0.013 0.013 <0.020
Beryllium mg/L 0.004 <0.020 <0.020 <0.0020 <0.0020 <0.020
Cadmium mg/L 0.004 <0.000250 <0.000250 <0.00400 <0.00400 <0.000250
Calcium mg/L 4.1 4.0 1.4 1.3 1.1
Chromium (III+VI) mg/L 0.1 <0.020 <0.020 <0.010 <0.010 <0.020
Cobalt mg/L 0.006 <0.020 <0.020 0.010 <0.010 <0.020
Copper mg/L 1.3 <0.020 <0.020 <0.010 <0.010 <0.020
Iron mg/L 1.4 14 15 0.23 0.19 0.15
Lead mg/L 0.015 <0.0010 <0.0010 <0.0020 <0.0020 <0.0010
Magnesium mg/L 0.65 0.71 0.38 0.40 0.38
Manganese mg/L 0.043 0.24 0.26 0.027 0.027 0.024
Molybdenum mg/L 0.01 <0.0050 <0.0050 <0.0160 <0.0160 <0.0050
Mercury mg/L 0.002 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020
Nickel mg/L 0.073 <0.040 <0.040 0.016 0.016 <0.040
Potassium mg/L 0.38 0.41 0.55 0.57 0.52
Selenium mg/L 0.05 <0.0050 <0.0050 <0.0120 <0.0120 <0.0050
Silver mg/L 0.0094 <0.0040 <0.0040 <0.010 <0.010 <0.0040
Sodium mg/L 2.6 2.4 1.3 1.4 1.4
Thallium mg/L 0.002 <0.0010 <0.0010 <0.0020 <0.0020 <0.0010
Vanadium mg/L 8.6 <0.020 <0.020 <0.010 <0.010 <0.020
Zinc mg/L 5 <0.020 <0.020 0.020 0.022 0.020
Notes:
J - The constituent was detected and the associated numerical value is estimated.
U - The constituent was analyzed for, but was not detected at a level greater than or equal to the method detection limit (MDL).
mg/L - milligrams per liter
µS/cm - micro Siemens per centimeter
SU - standard units
mV - millivolts
NTU - Nephelometric Turbidity Units
Analytes not detected shown as < Reporting Limit
GWQC - Groundwater Quality Criteria is USEPA Maximum Contaminant Level, MDE Cleanup Standard, or USEPA Region III Tapwater RSL
Bold -  Detected concentration greater than MDL
Bold and Shaded - Sample concentration detected greater than GWQC

Analyte

General Chemistry/Field Parameters

Metals (Total)

Units
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TABLE 8
SUMMARY OF METALS, GENERAL CHEMISTRY, 

AND FIELD PARAMETERS

Phase II Report
Hawkins Point Plant Landfill

Baltimore, Maryland

Geosyntec Consultants

Location HPP-4 HPP-5 HPP-5 HPP-5 HPP-5
Date 1/16/2019 8/18/2017 1/15/2018 7/18/2018 1/15/2019

GWQC

Turbidity (Lab) NTU 0.30 <0.10 <0.20 <0.20 <0.20
Nitrate as N mg/L 10 <0.10 <0.10 <0.10 <0.050 <0.10
Nitrite as N mg/L 10 <0.012 <0.10 <0.10 <0.012 <0.012
Chemical Oxyge  mg/L <10 <10 <10 <10 <10
Alkalinity (total) mg CaCO3 /L <1.0 <1.0 <1.0 <1.0 <1.0
Total Dissolved mg/L 11 38 41 46 30
Ammonia as N mg/L <0.10 <0.10 <0.10 <0.10 <0.10
Hardness (as Ca mg/L 4.2 30 8.0 10 2.8
Specific Conduc  µmhos/cm 45 50 51 47 51
pH (Field) pH units 4.35 4.2 4.28 4.1 4.16
Chloride mg/L 2.23 2.0 2.0 2.09 2.15
Sulfate mg/L 8.15 7.5 7.7 7.91 8.09

Antimony mg/L 0.006 <0.0010 <0.0020 <0.0020 <0.0010 <0.0010
Arsenic mg/L 0.01 <0.0010 <0.0040 <0.0040 <0.0010 <0.0010
Barium mg/L 2 <0.020 <0.010 <0.010 <0.020 <0.020
Beryllium mg/L 0.004 <0.020 <0.0020 <0.0020 <0.020 <0.020
Cadmium mg/L 0.004 <0.000250 <0.00400 <0.00400 <0.000250 <0.000250
Calcium mg/L 1.1 0.74 0.73 0.69 0.64
Chromium (III+V mg/L 0.1 <0.020 <0.010 <0.010 <0.020 <0.020
Cobalt mg/L 0.006 <0.020 <0.010 <0.010 <0.020 <0.020
Copper mg/L 1.3 <0.020 <0.010 <0.010 <0.020 <0.020
Iron mg/L 1.4 0.13 0.069 0.066 0.068 0.059
Lead mg/L 0.015 <0.0010 <0.0020 <0.0020 <0.0010 <0.0010
Magnesium mg/L 0.37 0.27 0.30 0.29 0.30
Manganese mg/L 0.043 0.024 0.016 0.017 0.016 0.015
Molybdenum mg/L 0.01 <0.0050 <0.0160 <0.0160 <0.0050 <0.0050
Mercury mg/L 0.002 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020
Nickel mg/L 0.073 <0.040 0.011 <0.011 <0.040 <0.040
Potassium mg/L 0.53 0.42 0.46 0.42 0.44
Selenium mg/L 0.05 <0.0050 <0.0120 <0.0120 <0.0050 <0.0050
Silver mg/L 0.0094 <0.0040 <0.010 <0.010 <0.0040 <0.0040
Sodium mg/L 1.2 1.1 1.2 1.2 1.1
Thallium mg/L 0.002 <0.0010 <0.0020 <0.0020 <0.0010 <0.0010
Vanadium mg/L 8.6 <0.020 <0.010 <0.010 <0.020 <0.020
Zinc mg/L 5 0.020 0.013 0.013 <0.020 <0.020
Notes:
J - The constituent was detected and the associated numerical value is estimated.
U - The constituent was analyzed for, but was not detected at a level greater than or equal to the method detection limit (MDL).
mg/L - milligrams per liter
µS/cm - micro Siemens per centimeter
SU - standard units
mV - millivolts
NTU - Nephelometric Turbidity Units
Analytes not detected shown as < Reporting Limit

Bold -  Detected concentration greater than MDL
Bold and Shaded - Sample concentration detected greater than GWQC

Metals (Total)

Analyte Units

GWQC - Groundwater Quality Criteria is USEPA Maximum Contaminant Level, MDE Cleanup Standard, 
or USEPA Region III Tapwater RSL

General Chemistry/Field Parameters
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